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CRUSHED STONE AND GRAVEL ROADS 


By C. L. McKESSON, Senior Highway Engineer, and A. F. MORRIS, Highway Engineer, Bureau of Public Roads. 





HE fact that for many 
years an extensive mile- 
age of highways must of nec- 
essity be surfaced with crushed 
stone or gravel seems to war- 
rant a review of developments 
in this type of construction in 
the Pacific Northwest. This 
paper does not take into con- 
sideration macadam surfacing, 
which is an altogether differ- 
ent type. 

Many miles of crushed stone 
or gravel surfac ng are now 
under construction. Due toa 
lack of water in most localities 
where this type is being built, 
water has been used on only a 
few projects and rolling is sel- 
dom resorted to. The general 
practice now in this section FEDERAL-AID PROJECT NO. 44, IN GILLIAM COUNTY, OREG., SURFACED WITH CRUSHED GRAVEL 


is to use much finer material than heretofore, both in| The more recent specifications for crushed stone or 
bottom and top courses. The maximum size of | crushed gravel surfacing usually require the material 
material used is 2 inches, and on many of the most | | to be screened into two bins, one receiving the material 
satisfactory pieces of construction 1} inches was fixed | | from 2 inches or 14 inches, the maximum size, down to 
as the maximum. The ease with which such a sur- | 1 inch or { inch, and the other containing the finer 
facing may be maintained and the smooth, site | material. The material is spread in 2 courses, each 


roadway resulting seem to justify the small additional | approximately one-half of the total thickness, but the 
cost involved in producing the finer material. 














| exact thickness is regulated in such a way as to use all] 
of the material between 14 
inches and 1 inch (or } inch) 
for the bottom course and the 
finer material for the top 
course. The base course: is 
usually spread about 500 feet 
in advance of the top course, 
but this is varied in order to 
prevent the overflow of either 
of the bins. 























SPECIFICATIONS GIVE SATIS- 
FACTORY RESULTS. 


The results obtained under 
these specifications have been 
satisfactory, but it. has been 
noted that the stone from 
some quarries has set up into 
a smooth, hard roadway much 
WASHINGTON FEDERAL-AID PROJECT NO. 14, IN OKANOGAN COUNTY, SURFACED WITH SCREENED Ore quick!y.,then thet from 

GRAVEL others. In some cases stone 
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which screening and abrasive tests indicated as being 
of superior quality did not form as satisfactory road 
material as a softer stone on which a rather adverse 
report had been made by the testing engineer. It has 
been demonstrated that a small amount of soft stone 
in a quarry provides a binder which is far more 
desirable than earth or clay, which it is sometimes 
necessary to add to the base where the material is a 
particularly hard clean basalt. 

On one project in Central Oregon the specifications 
call for crusher-run material of a maximum size of 14 
inches laid in one course of 5-inch thickness and leveled 
up with a top course of approximately 1-inch thickness. 
The results are not as satisfactory as on other projects 
where the material is separated into two grades and 
laid in two courses. When laid in deep courses, the 
material does not compact as well as when laid in 
lighter courses and the operation of spreading and 
dragging the stone tends to sift the screenings to the 
bottom and leave the larger fragments on top—exactly 
the reverse of the ideal condition. 

In some specifications an attempt is made to specify 
percentages of material passing a series of screens be- 
tween the maximum and minimum sizes. There ap- 
pears to be little or no justification in practice for this 
attempted refinement. A gravel or broken-stone type 
of surfacing is at best only a light traffic surfacing and 
every effort should be made to use suitable materials 
locally available. In many cases splendid pieces of 
work have been constructed with, material which would 
not comply with a specification requiring an ideal 
grading with a minimum percentage of voids. The 
maximum size should be specified at 14 or 2 inches. 
The maximum and minimum percentages of sand should 
be specified between liberal limits. The proportions 
passing and retained on a {-inch or 1-inch screen 
should also be specified. These proportions can easily 
be checked on a large scale during the progress of the 
work by noting the relative output from each of the 
bins. The various pits should be carefully examined 
and average grading of the material, apparent cement- 
ing qualities, percentage of oversize particles and avail- 
ability of material should all be considered in the selec- 
tion of pits. The best material that can be obtained 
within reasonable costs should always be selected. 
In some cases it will be found necessary to use gravel 
little of which is coarser than } inch or 1 inch, and some 
very satisfactory results have been obtained with such 
gravel, which of course requires no separation of sizes. 


CRUSHED GRAVEL MOST SATISFACTORY FOR DRY-BUILT 
ROADS. 


. Where surfacing is laid without water and without 
rolling, crushed gravel has generally been found to be 


the most satisfactory material. The selection of gravel 
pits requires care and experience on the part of the 





engineer. As a rule any gravel which is found 
cemented together in the pit will form an excellent road 
metal when crushed and properly laid, while gravel 
which lies loose in its natural state, as in beds of 
streams or which carries a large amount of sand, 
can not be expected to set up rapidly when deposited 
on a road, though there have been some exceptions 
to this rule. The gravel, though lying loose and 
free in the bank, may carry enough soft granite or 
other soft stone to form a natural binder when crushed, 
but as a general rule, unless the material is found 
well cemented in the pit, it will not prove satisfactory 
as a surfacing material where the oversize gravel and 
excess sand is screened out and no crusher used. 
Such material will not compact into a good wearing 
surface in dry weather without the addition of clay 
or earth binder. Where such binder is used the results 
usually appear to be satisfactory in the summer, but, 
when the clay which acted as a binder in August 
becomes a lubricant in January, the results are apt 
to be far from satisfactory. It is very desirable to 
crush oversize material rather than to screen and 
waste it. Any gravel which contains 15 to 20 per 
cent of oversize material will justify the use of a 
crusher. 

A number of projects have been constructed with 
gravel spread in two layers each of approximately 
one-half the total thickness, the material in both the 
top and bottom courses being required to pass a 1}4- 
inch screen. In Washington it has been the general 
tule to specify ‘“‘one-course” gravel of a maximum 
size of 14 inches. While the specifications permit 
laying the total thickness (which varies from 6 to 
8 inches) in one course, it has been the general practice 
to spread a base course of approximately one-half the 
total thickness and follow with a second layer of the 
same size material, as it has. been found easier to 
operate trucks in this way than to plow through 6 
or 8 inches of loose gravel. 


THE MOST SATISFACTORY METHOD. 


After observing the methods employed in ‘the con- 
struction of the various types of crushed rock and 
gravel surfacing on.many Federal-aid jobs in district 1 
and the results obtained, we are convinced that the 
most satisfactory road surface has been secured where 
the crushed gravel was placed in two courses; the bot- 
tom course consisting of material passing a screen. with 
circular openings of not more than 2 inches, preferably 
14 inches, and retained on a screen having openings of 
1 inch or }-inch diameter and the top course consisting 
of all material passing the smaller screen. 

There is some difference of opinion as to the merits 
of this method of screening into two sizes before laying. 
Some engineers argue that it is better to use crusher 
run material in both courses on the theory that in thi, 











way the voids in the base are filled better than if the 
fines are screened out. If it were possible to obtain a 
uniform mixture and to maintain this uniformity 
through the various stages of crushing, screening, haul- 
ing, and spreading the rock, there would be no doubt 
that the crusher-run method would be the more desir- 
able, but it is not possible to secure the desired uni- 
formity when all the output of the plant falls into 
one bin. 

When the material falls from the screen, the fines 
cling together in a pyramid, while the larger pebbles 
and fragments roll down and outward to the sides of 
the bin. The result is that some loads hauled to the 
road contain practically all fines, while others consist 
almost entirely of the larger size stone; so that the 
theoretically uniform mixture actually consists of a 
patch of course and a patch of fine, with the fines on 
the bottom and the coarse material on top quite as 
frequently as otherwise, which is exactly the reverse 
of what it should be. 

Even if every load were uniformly graded and mixed 
when deposited on the road, which they never are, the 
process of spreading and dragging necessary to secure 
a true and uniform surface would tend to work the fine 
material to the bottom, leaving the coarser particles 
on top, thus again producing a condition exactly op- 
posed to the ideal, which is more nearly obtained by 
first laying the heavy rock on the bottom and spread- 
ing a top course of fine material. 


IMPORTANCE OF DRAGGING DURING CONSTRUCTION. 


The great importance of constantly dragging and 
maintaining the surface of the roadway during con- 
struction is frequently overlooked. Surfacing is usually 
begun at the source of supply, so that hauling and 
trucking of material will be carried on over the newly 
placed stone until the job is completed. With proper 
dragging a smooth, uniform surface can be obtained by 
the time the project is completed, but without dragging 
the road becomes badly rutted and a rough, unsatis- 
factory job results. In dragging it has been found 
advisable to use a light drag in the early stages, gradu- 
ally filling the ruts as they are formed. Ifa heavy drag 
is used which entirely fills the ruts, the trucks are 
obliged to plow new ruts, and a constant repetition of 
this operation results principally in an excessive cost 
for hauling and leaves a poorly compacted surface. 
With light drags gradually filling the ruts, the ruts 
are built up and soon traffic can be distributed over 
the surface. 

On one Oregon project it was necessary to truck 
material over the new surfacing up to a distance of 11 
miles from the pit. Without proper dragging or water 
this job made a very poor showing for several months. 








Two water tanks were then provided, the gravel was 
kept damp and dragged with light drags, and the job 


carried to a most satisfactory completion. The cost 
for watering in this case was about $250 per mile, but 
upon completion a smooth and well compacted surface 
was turned over to the public in spite of the heavy 
trucking during construction. A blade or road planer 
is necessary to finish such a surface after it has begun 
to compact under the light drags. 

On one project heavy wagon tires dragged over the 
ruts behind the trucks assisted in filling and com- 
pacting the material and in eliminating the ruts. 

The advisability of continuing the practice of laying 
screened or pit-run gravel surfacing without sprinkling 
and continuous dragging is seriously questioned, except 
in the rare instances where water can not be obtained. 
It is true that in nearly every case a fairly good road 
surface has been secured after properly maintaining it 
through a winter, with the usual amount of moisture 
from rain and melting snow; but it is very seldom that 
such a surface becomes really satisfactory until it has 
been thoroughly wet down, either by natural means or 
by the use of sprinklers in the course of construction. 

Where water is available the cost per mile for sprin- 
kling and dragging is usually very small as compared 
with the satisfaction of having a firm, smooth surface 
as soon as the road is completed. The inconvenience 
of a loose, rutty surface for the first season, as is so 
often the case where water and drag are not used, may 
thus be avoided. The reduced cost uf maintenance for 
the first year where a road is properly compacted 
during construction will probably offset the cost of 
water used. 

The illustrations show the difference between a 
crushed gravel surface and one of screened gravel, 
both laid without water or rolling and under prac- 
tically the same weather conditions. 


BRITISH ROAD CLASSIFICATION. 


The classification of roads under the British min- 
istry of transports’ scheme is nearing completion, and 
when the schedules reach their final form it is the 
intention of the ministry to distinguish each first and 
second class road by an individual number. Another 
feature of the scheme is the standardization of warning 
signs and road direction posts; provision has been 
made for indicating the route numbers on the arms of 
posts in the belief that ‘‘the universal adoption of this 
practice would be of the greatest service to road users 
generally.”’ These details are included in a letter from 


the ministry to the highway authorities in England. 
The letter concludes by saying that Sir Eric Geddes 
is not advocating ‘‘any wholesale replacement of 
serviceable signs at the present time.” 
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CAPILLARY MOISTURE AND ITS 
EFFECT ON HIGHWAY SUBGRADES 


NE of the basic necessities in a pavement is a dry, 

well drained foundation or subgrade. The pre- 
vailing practice is to provide drainage by means of 
open ditches, covered drains, or both, for the removal of 
free surface or free ground water. Even where this 
precaution has been taken, many highway pavements 
have failed because of wet bases. In other instances, 
in the arid sections of the country, pavements have at 
least partially failed where drainage was not thought 
to be necessary, and these partial failures have resulted, 
as far as could be determined, because of moisture 
distribution in the subgrades. 

Why do these highways fail? Why do the founda- 
tions become wet and unstable in the face of accepted 
drainage methods? These are live questions bothering 
many highway engineers and now causing much con- 
cern in connection with highway pavement construction. 

That capillary moisture may be the cause of some 
highway troubles and even failures has but recently 
been suspected. The writer’s interest has been aroused 
in this question by investigations of the movement of 
soil moisture by capillarity by the division of irrigation 
investigations of the Bureau of Public Roads. It is 
the purpose of this article to present briefly a few of 
the data which may have a bearing upon the subject. 

The force of capillarity acts equally in all directions, 
while the force of gravity acts only in a direction verti- 
cally downward. These two forces are at work all the 
time upon any moisture which may be within the soil. 
Capillarity is augmented by gravity when working in a 
direction downward from the horizontal and is reduced 
by that amount when working in a direction upward 
from the horizontal. 

The following table indicates the relative effects of 
these two forces: 

TaBLE No. 1.—Capillary movement of soil moisture from a free water 


surface into a lava ash soil column for various periods of time, and 
the total quantity of water moved. 



































Direction moisture moved. 
a OT ee LS ee 
n | D | 
dave. own- | Down- 
- Vertically| Hori- ward | ward 
upward. | zontal. | 15° from | 30° from 
i * | horizon- | horizon- 
| tal. | tal. 

Inches Inches. Incies. | Inches. 

Distance moved.................. 1 16. 25 22.9 m9 | 26. 20 
2 | 23. 59 30. 85 34.05 | 38. 05 

3} -27.67 | 37.55 41.70 | 42. 35 

7| 937.42 57. 40 63.40 | 66. 25 

15| 46.92 | 81.45 95.25 | 99.70 

30; 54.50 109. 90 137. 10 150. 10 

Water moved in acre-inches, per 

a dusedddannendéencnccecouses 1 0. 403 0. 605 0. 655 0. 605 
2) . 554 . 806 - 907 857 
3 706 | 1. 008 1, 109 | 1.058 
7 - 907 | 1. 562 1. 764 1. 764 
15 1. 169 | 2. 369 2. 722 | 3. 024 
30 | 1, 320 3. 58 4. 334 5.141 








By W. W. McLAUGHLIN, Senior Irrigation Engineer, Bureau of Public Roads. 


The table shows clearly the effect of gravity on the 
capillary movement of soil moisture, both as to the 
distance the latter will reach in a given time and the 
total quantity of water moved. Expressed in round 
numbers and based upon the figures for the vertical 
column the moisture had moved downward at the end 
of 30 days two and one-half times as far in the soil 
column inclined downward at an angle of 15° and two 
and three-fourths times as far in the soil inclined 
downward at an angle of 30°, as it had moved upward 
in the vertical column. At the end of 30 days, three 
and one-fourth times as much water had moved down 
the 15° incline and three and nine-tenths times as 
much water had moved down the 30° incline as had 
climbed upward in the vertical column. 

The table also shows that the quantity of water per 
unit over the entire wetted length is greater for the 
columns inclined downward than for the horizontal or 
vertical columns. That some idea may be obtained 
of the unit distribution of moisture in a vertical soil 
column and in a column inclined downward at an 
angle of 30° the following table is given: 


TaBLE No. 2.—Distribution of moisture in soil columns by 2-inch 
sections from the water surface. 


[Yolo gravel-clay loam.] 


$$ 





Percentage of mois- 
turein the soil. 
Distance from water surface. Column 

















Vertical | inclined 
column. | down- 

| ward 30°. 

Per cent.| Per cent. 
DR iba dinc aden c0s eatigennes Ocsabsheswvaesncuevateyasketeseahe 37.48 36. 03 
EE Saakin cc ceehytascuvabnl catiniweciavenccck<sunveseuecaees 36.72 | 35. 92 
na scene cupenseumhedd ase tRi Ses kaeteakwereesel ees 37. 31 | 35. 00 
RE SGuicsinhdn.cbaines cud balaseeawavodesanwcesUVaedaataseere 37. 68 | 34.39 
aa oo wa tir alvn GUah Sara bei ed aaes t eivuahisees ea cad 35. 85 | 34. 74 
RSS A PE EES ee SE POT See anes ee Gore hn: 32. 35 | 34. 28 
PR itint sci ccwsandaweawcncstet wank tneeenescvesseoneeeen 30. 60 | 33. 61 
DN dc b ch avecdkdnapenaacskoovEaes cis decdeuseweadencosated 28. 20 32. 30 
I ooo ica. nbn nes as todos coe eaeatncoeu dae ee 26. 05 | 31.00 
IG ile nds aid aaa ia Sic cima sx einn ew pou sae caek back cael 23. 25 | 29. 94 
BE Saba anc sen dese evecusecsawes Sani enieaset ove wis aacome 20.18 | 28. 70 
PI Matnstiniin ea wo dekeauceinss enue eurde se utenacaenueen 31.45 | 35.99 








In the table the average percentage of moisture per 
inch in the inclined column is greater by 44 per cent 
than that in the vertical column. The per cent of 
moisture in the end of the column away from the 
body of free water is 42 per cent greater in the inclined 
column than in the vertical column. This circum- 
stance is of the greatest importance, because the sup- 
porting strength of the subgrade depends upon the 
percentage of water in the soil. 

The percentage of moisture found in a vertical soil 
column is not related directly to the height above the 
ground water except at the upper end, and then in 
only a very general way. The maximum percentage 
of moisture may be found and, in the clays and loams, 


usually is found several inches above the water surface. 
This point is illustrated by figure 1. 

From the figure it is seen that in the Riverside soil 
the greatest per cent of moisture is found about 15 


inches above the water surface.. In the Idaho lava 
ash about one-half of the soil column is up to capillary 
saturation. In other words, there would be little 
difference from the standpoint of moisture content 
whether the pavement was 6 inches or 24 inches 
above the water surface. 


EFFECT OF GRAVEL SUB-BASE INDICATED. 


Stratified soils of different types are usually found in 
the alluvial areas and the relative percentage of 
moisture in the several strata is of interest. Several 
soil columns were made up of sand, loam, and clay in 
alternate layers, differently arranged. These columns 
after having stood for several days were analyzed for 











In a soil column made up of 16 inches of clay on the 


bottom and sand on top, the moisture had not moved 
up into the sand more than 3 inches after standing 20 


days. There was only 5 per cent of moisture in the 
sand, although there was 39 per cent in the top of the 
clay. Other similar tests indicated the advantage of a 


top layer of sand or gravel in keeping the moisture per- 
centage low near the upper end of the soil column. 


The top layer of sand also seems to permit only slow 


movement of the moisture from the clay upward into 
the sand. Generally speaking, if the sand or gravel 
is placed at the bottom and a topping of clay or loam 
provided, the sand or gravel must be thick enough to 
prevent the rise of moisture to its upper edge to be 
effective. While the sand layer may transmit the 
moisture slowly, the clay or loam will readily take it 
up. Retardation of the movement within the limits of 
a few weeks is not of material importance or advantage 






























































moisture. It was found that, at the same height, the | in pavement work. 
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INCHES ABOVE WATER 
FIGURE 1. 


several strata contained approximately the same per- 
centage of moisture as a column of one type represent- 
ing the various soils mingled. Table 3 gives the results 
of a typical instance. The made-up soil column has 6 
inches of clay on the bottom, then 4 inches of river 
sand, and then a layer of clay, 6 inches thick, of the 
same type as the bottom layer. The second column of 
the table gives the percentage of moisture at various 
heights in a soil column made up as described above, 
and column 3 gives the percentage of moisture found at 
the corresponding heights in a uniform soil column of 


the type found in the made-up column at the respective 
heights. 


TaBLE No. 3.—Distribution of moisture in soil column of uniform 
type and in a stratified column of different soil types. 








| Percentage of 

| moisture. 
Distance above the water. \_ aa 
Made-up | Uniform 
| column. | column. 





| Per cent. | Per cent. 
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RGR EN a eee Sacre Mak. Deedee SORTS ¢ | 13.72 | 12.19 














EXTENT AND RATE OF CAPILLARY MOVEMENT. 


Questions often arise as to how far moisture will be 
brought up in different soils by capillarity from a body 
of free water, and at what rate the water will reach 
points. at various heights above the water surface. 
Table 4 gives some indication of the answers. 


TABLE No. 4.—Rise of capillary moisture in soils for different periods 
of time and rate of movement of the moisture. 


Light clay loam. | Lava ash soil. 





Sandy loam. 














Distance above water 
surface. : Acre- Acre- cre- 
Time | ; : ime 
: * inches ; inches inches 
in days. per day. in days. per day. jin days. per day 
i i ree Y; | 0.193 4| 0.193 2 0.151 
eee 63 . 0035 . 116 37 . 0001 
be ee 55 . 0018 64 SOE lkapvente None. 
og RR eee 219 - 0001 | 17 ee a LS cdecemes 
Ses ee None. | 50 005 | | 
PR e.6 6 i2tssnudivelatuacdaalsedsweses’ . 0001 


: | | 


The table but emphasizes the fact that the finer the 
soil texture the greater its capillary power, and it also 
shows the fallacy of attempting to keep the subgrade 
dry by shallow drainage or the building of low fills over 
soil saturated with water or where the underground 


_| water table is nearer than 5 or 6 feet to the surface, 








unless the soil be sandy. The table shows that in lava 
ash soil of the type used in the experiment there will 
be brought to the surface through 5 feet of soil 1.8 
acre-inches of water in a year, and through 4 feet of 
this soil there would be brought to the surface in the 


same time 3.3 acre-inches. Five and one-half inches 
of water would be brought up through 1 foot of sand, 
but through 2 feet of sand only one-half acre-inch of 
water would be brought up in a year. 

It is difficult to estimate the amount of the evapora- 
tion of moisture from below the midpoint of a paved 
highway. Near the outer edge of the pavement the 
rate of evaporation may be very rapid, but in the cen- 
ter the moisture would first have to move horizontally 
to a crack or through 8 or 10 feet of soil to the outer 
edge of the pavement. On the deserts of the West the 
rate of evaporation from a wet soil may be one-half 
inch per day, and under some conditions even more. 
The rapid evaporation of the moisture near the outer 
edge of the pavement might, and sometimes does, re- 
sult in a dry subgrade at and near the outer edge of 
the pavement and a wet subgrade in the center. In 
the heavier soils this would result in a subgrade of 
unequal supporting power and, through contraction 
and expansion resulting from unequal moisture con- 
tent, leave an unsupported outer edge of the pavement 
or a mushy yielding subgrade center. According to 
Prof. William H. Burr, M. Am. Soc. C. E., the safe- 
bearing power of dry clay is 4 to 6 tons per square foot; 
that of moderately dry clay 2 to 4 tons; and that of 
soft, moist clay 1 to 2 tons. Hool and Johnson give 
as the safe-bearing power of quicksand 4 to 1 ton per 
square foot, gravel and coarse sand well cemented 8 to 
10 tons, and clean dry sand 2 to 4 tons. These figures 
indicate the effect of moisture in the subgrade in its 
relation to load-bearing strength. 


CAPILLARY SYPHON MAY CAUSE WATER-LOGGING. 


Where a highway is built through a country having 
a transverse slope of 15 degrees or more the movement 
of moisture down this slope by capillarity is relatively 
very rapid and extensive. If a sand or gravel stratum 
is present (especially if it be on top of a clay or other 
impervious or semi-impervious layer) then the capillary 
movement of moisture is much more rapid and will 
extend for great distances. Such soil conditions are 
not at all uncommon in an alluvial country and afford 
ideal conditions for the capillary syphoning of water. 

The capillary movement of soil moisture from a free 
water surface is very rapid for the first 48 hours, and 
for that reason, shallow side drain ditches are not 
effective in preventing the capillary movement of 
moisture into subgrades, especially if these ditches 
are at all near the pavement. Deep drains are not 
effective against capillary moisture unless placed 
below the limit of capillary rise of moisture in the soil 
under consideration. 








That capillary moisture has caused soggy, wet sub- 
grades is beyond question and unless effective pre- 
ventive measures are taken it will continue to cause 
highway troubles. Just what these protective meas- 
ures should be and remain within reasonable cost 
limits has not yet been ascertained. 

The data outlined above were obtained from experi- 
ments conducted on the capillary movement of soil 
moisture where the source of the moisture was free 
water. The capillary movement of soil moisture 
from a wet soil to a soil containing a smaller percentage 
of water differs from what has been shown only in 
quantity. However, the rate and extent of move- 
ment of the moisture under the last named condition is 


relatively so little as to be almost negligible in highway 
pavements. 


SCHOLARSHIP ESSAY CONTEST ANNOUNCED. 


A national essay contest, open to all pupils of high- 
school grade, with a 4-years’ scholarship in any col- 
lege or university as the prize for the successful con- 
testant, was announced recently by the Highway and 
Highway Transport Education Committee. The sub- 
ject prescribed by the committee is “Good Roads and 
Highway Transport.” At the request of the com- 
mittee Mr. H. S. Firestone, of Akron, Ohio, lias con- 
sented to furnish the scholarship, which is valued at 
about $5,000. This is a repetition of Mr. Firestone’s 
offer of last year, which resulted in the awarding of a 
scholarship to Miss Katharine F. Butterfield, of 
Weiser, Idaho. 

United States Commissioner of Education Dr. P. P. 
Claxton has requested the superintendents of educa- 
tion of the various States to name State committees 
to pass upon the essays that are written in each of 
the States, and the best essay from each State will be 
sent to Washington, where the national prize winner 
will be decided by a committee to be appointed by 
the Commissioner of Education. 

The essays must not exceed 500 words in length and 
must be in the hands of the local committees not 
later than June 15, or the date of the closing of school 
in each locality. 

Members of the Highway and Highway Transport 
Education Committee are: Dr. P. P. Claxton, United 
States Commissioner of Education, chairman; Thomas 
H. MacDonald, Chief Bureau of Public Roads; Col. 
Mason M. Patrick, Corps of Engineers, United States 
Army; Roy D. Chapin, National Automobile Cham- 
ber of Commerce; W. S. Keller, president American 
Association of State Highway Officials; H. S. Fire- 
stone, Rubber Association of America; Dean F. L. 
Bishop, Society for the Promotion of Engineering 
Education; Dr. Walton C. John, United States Bu- 
reau of Education, secretary; and Prof. C. J. Tilden, 
Yale University, director. 

















BITUMINOUS PAVEMENTS LAID ON 
OLD MACADAM STREETS IN DENVER 


By J. W. JOHNSON, Senior Highway Engineer, Bureau of Public Roads. 





HE city and county of 
Denver, during the past 
10 years, have paved a num- 
ber of streets with various 
types of bituminous surfaces 
on old macadam bases. The 
different types laid to date 
are asphaltic concrete, tar 
concrete, ‘‘Amiesite,’’ sheet 
asphalt, and “ Willite.” The 
first attempt at this con- 
struction was made by the 
city in 1910, when four blocks 
on Speer Boulevard were 
paved. Three types of pave- 
ment were laid in the follow- 
ing order, each type being 
used throughout one block: 
Asphalt concrete, tar con- 
crete, ‘‘Amiesite,”’ and tar 
concrete. In 1912 the paving 
on this street was continued for a distance of eight blocks, 
using asphalt concrete. In the same year a block on 
Eighteenth Avenue, from Sherman to Grant, was paved 
with ‘“‘Amiesite.”” In 1913 the block between Sherman 
and Lincoln on Eighteenth Avenue was paved with 
asphalt concrete. 

In 1916, 1917, and i918, 35 to 40 blocks were paved 
with sheet asphalt and asphalt concrete. One block of 
‘‘Willite” was laid in 1919. In 1920 a total of 112,920 
square yards of asphalt concrete and ‘“ Willite” pave- 
ment was laid. 

All of the streets paved in this manner had previously 
been improved by grading, curbing, and gutter and 
surfacing. The surfacing originally placed varied in 
different parts of the city. Disintegrated granite, slag, 
and oil macadam were used. 

The width of the streets varied from 30 to 40 feet 
between curbs. The width of the gutter was usually 
2 feet. The crown varied from 8 to 12 inches. All of 
the streets had previously been supplied with storm 
sewers. Intakes to sewers were provided at intervals 
so that the maximum length of run-off of surface water 
was about 600 feet. 

Owing to the light annual precipitation (an average 
of about 14 inches), the high crown on pavements, and 





the short distances that surface water has to travel 


before entering sewers, there is very little opportunity 

for the subgrade to become wet so long as the pave- 

ment is:in good condition. Only a very few places 
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REMOVING THE EXCESS MATERIAL AFTER SCARIFYING THE OLD MACADAM. 


where settlement of the subgrade has occurred are in 
evidence. Practically all of these defects occur under 
the earlier pavements. 

With the exception of a small amount of ‘ Willite,” 
all of the 1920 construction was asphaltic concrete, 14 
inches thick on a 14-inch binder course. Both Mexican 
and California asphalt, with a penetration of from 50 
to 60, were used. The binder course was mixed in the 
proportion of 50 pounds of asphaltic cement to 250 
pounds of sand and 750 pounds of smelter slag (maxi- 
mum size 1 inch). The surface course was mixed in 
the proportion of 80 pounds of asphaltic cement to 85 
pounds of limestone dust, 300 pounds of slag (maximum 
size % inch), and 535 pounds of sand. 

The mixing was done at stationary plants and the 
material was transported to the job in auto trucks. 
The mixing plants and trucks are owned and operated 
by the city. All of the work, including the grading and 
preparation of the subgrade, is done by the city by day 
labor. No contracts are let for any portion of the work 
of this character. 


PREPARATION OF SUBGRADE. 


The surface of the street selected for paving is scari- 
fied by the use of a scarifier attached to a heavy 
blade machine and pulled by a 10-ton caterpillar 
tractor. The depth and amount of scarifying depends 
on the condition of the old macadam and the amount 
necessary to be removed. As all of the streets paved 
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have either brick or concrete gutters, it becomes neces- 
sary to remove 3 inches of old material at the junc- 
tion of pavement and gutter. From this point the 
amount of material removed is decreased to the 
center of the road, where only the amount necessary 
to bring the road to a uniform crown is taken off. 

The material loosened by the scarifier is bladed 
into windrows, about 6 feet wide and 3 feet high, and 
then loaded into wagons by means of a traveling 
bucket loader. After the excess material is removed 
the roadbed is thoroughly rolled until hard and firm. 
All depressions are then filled with good material and 
again rolled and brought to a uniform grade and cross 
section. 

Upon this subgrade the asphalt binder course and. 
surface course are laid in accordance with usual prac- 
tice in laying asphalt pavement. 


COST OF PAVEMENT. 


The number of square yards of pavement of this 
character laid during the season of 1920 was 112,920. 
The total cost of this work was $127,768.77, which is 
at the rate of $1.13 per square yard. This price in- 
cluded the grading necessary to prepare the sub- 
grade. 

The average cost of grading amounted to $0.15 per 
square yard of pavement. In other words, the pave- 
ment cost an average of $0.98, and the grading $0.15 
per square yard. 

The items of cost of the work done in 1920 are as 
follows: 




















Cost per 
Item. square 
yard. 

a, ices ce ubeewkachiusesducawadbeeweatsatecdsevedbiwaseen $0. 281 
 aiintnidckvndasencheninsadodeseu siete besadsewegusosecaoua .210 
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ie cieeeindnainn cd Rabari avhedkesreescuhebebtbidasaadeawadaeenwtason .010 
ls nak add oh sabmeksbbenivedantaueeeaeaswobddeateabews . 023 
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Depreciation plant -013 
General salaries........... . 040 
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Total 1,13 





The various charges entering into the above items 
are explained as follows: Surface and binder mixture 
include the cost of asphalt, limestone dust, sand and 
slag which are used in them. 

Fuel covers all coal used at plant and on steam 
rollers on job and fuel oil in the dryer and electric 
power for derrick. 

Expense includes insurance, taxes, printing, automo- 
bile and miscellaneous expenditures. 

Tools and sundries include the purchase of tools 
and miscellaneous plant supplies, water rental, horse 
feed and shoeing, lubricating oi] and grease. 








Plant repairs include repairs and replacements to 
plant and roller parts; also labor in getting plant in 
shape before starting up in the spring. 

Depreciation is 20 per cent of the cost of new equip- 
ment purchased. 

General salaries include those of the superintendent, 
bookkeeper at plant, clerk at administrative office, 
and an inspector. 

General labor includes labor in building addition to 
plant, assembling derrick and any other work not 
properly chargeable to operation. 

Plant labor includes all labor used in operating the 
plant. 

Street labor includes all labor used on the street in 
laying the binder and top. 

Hauling includes the cost of trucks arid drivers, and 
street rollers and operators. 

Grading includes all labor in preparing subgrade. 


PRESENT CONDITION OF PAVEMENT. 


The most noticeable defects in the present condition 
of these pavements are sunken spots, roughness or 
waves in the surface, and surface cracks. The sunken 
places are all on work done in 1910 and 1912. 
The largest of these have a diameter of from 8 to 10 
feet, and are possibly 8 to 12 inches below grade. 
This condition is caused by settlement of the subgrade, 
which was on a comparatively new fill of from 4 
to 10 or 12 feet. The street on which these sunken 
places occur was built along the bank of Cherry Creek, 
parallel to new retaining walls built to confine the 
water course of the creek.’ The surfacing was placed 
on this fill within two years after it was constructed, and 
evidently prior to the time of complete settlement. 

Roughness and waves are in evidence on a number 
of streets laid during the early period of this con- 
struction. Apparently this condition is caused by 
insufficient care in laying the pavement, or insufficient 
rolling of the subgrade. This condition does not exist 
to any extent in work done since 1916. 

Transverse cracks in the pavement laid in 1916, 1917, 
and 1918 are in evidence throughout a large portion 
of the work. These cracks are usually at right angles 
to the center line of roadway. Sometimes they extend 
entirely across the pavement from gutter to gutter, 
and sometimes they extend only a distance of 6 or 8 feet 
each side of the center. Apparently they are caused 
by contraction and do not indicate any serious per- 
manent defect in the wearing qualities. The distance 
between them varies considerably; ordinarily they are 
not less than 30 feet apart. 

One block of surfacing laid in 1919 shows the worst 
cracking of any so far laid. This pavement is so 
badly cracked that it will undoubtedly have to be 
replaced in a very short time. In fact it should be 


replaced this season. This cracking was apparently 








caused by the pavement being 
mixed with too small a per- 
centage of asphalt. The re- 
sulting mixture was too brittle, 
and severe cracking was evi- 
dent after the first cold weather 
in the fall after the pavement 
was laid. 

One disadvantage in thi 
method of constructing pave- 
ments is the high crown which 
very often obtains. This re- 
sult is caused from the desire 
to use all of the old macadam 
possible in the center of the 
road, and the necessity of meet- 
ing the gutter already in place. 
As the macadam has usually 
been given a good crown for 
drainage, the addition of 3 
inches of bituminous pavement 
will as a rule result in 1 or 2 inches of additional crown. 
This result would be more undesirable in a wet, cold 
climate than under the climatic conditions usual in 
Denver. 

Acknowledgment is made to Mr. C. H. Draney, 
superintendent of the paving division of the city and 
county of Denver, for his courtesy and assistance in 
supplying information and data relative to this work. 


THE PRESIDENT’S MESSAGE ON 
FEDERAL HIGHWAY POLICIES. 


President Harding’s first message to Congress, de- 
livered April 12, contains the following statement 


with regard to Federal participation in highway con- 
struction: 


Transportation over the highways is little less 
important [than railway transportation], but the 
problems relate to construction and development, and 
deserve your most earnest attention, because we are 
laying a foundation for a long time to come, and 
the creation is very difficult to visualize in its great 
possibilities. 

The re are not only feeders to the railroads 
and afford relief from local burdens, they are actually 
lines of motor traffic in interstate commerce. They 
are the smaller arteries of the larger portion of our 
commerce, and the motor car has become an indis- 
pensable instrument in our political, social, and 
industrial life. 

There is begun a new era in highway construction, 
the outlay for which runs far into hundreds of mil- 
lions of dollars. Bond issues by road districts, 
counties, and States mount to enormous figures, 
and the country is facing such an outlay that it is 
vital that every effort shall be directed against wasted 
effort and unjustifiable expenditure. 





























LAYING THE SHEET ASPHALT TOPPING. 


The Federal Government can place no inhibition on 
the expenditure in the several States, but since Con- 


rs has embarked upon a policy of assisting the 
tates in 7 improvement, wisely, I believe, 
it can assert a wholly 


ecoming influence in shaping 
policy. 

With the principle of Federal participation accept- 
ably established, probably never to be abandoned, it 
is important to exert Federal influence in a 
comprehensive plans looking to the promotion o 
commerce, and apply our expenditures in the surest 
way to guarantee a public return for money expended. 

arge Federal outlay demands a Federal voice in 
the program of expenditure. Congress can not justify 
a mere gift from the Federal purse to the several 
States, to be prorated among counties for road 
betterment. Such a course will invite abuses which it 
were better to guard against in the beginning. 

The laws governing Federal aid should be amended 
and strengthened. The Federal agency of adminis- 
tration should be elevated to the importance and 
vested with authority comparable to the work before it. 
And Congress ought to prescribe conditions to Federal 
appropriations which will necessitate a consistent 
program of uniformity which will justify the Federal 
outlay. 

I hau of nothing more shocking than the millions of 
— funds wasted in improved highways; wasted 

ecause there is no policy of maintenance. The 
neglect is not universal, but it is very near it. There 
is nothing the Congress can do more effectively to end 
this shocking waste than condition all Federal aid on 

rovisions for maintenance. Highways, no matter 

ow generous the outlay for construction, can not 
be maintained without patrol and constant repairs. 
Such conditions insisted upon in the grant of Federal 
aid will safeguard the public which pays and guard the 
Federal Government against political abuses, which 
tend to defeat the very purposes for which we author- 
ize Federal expenditure. 
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SAND AND GRAVEL PRODUCTION 
SURVEY OF TWENTY-TWO STATES. 


By GEORGE E. LADD, Economic Geologist, Bureau of Public Roads. 


N spite of the fact that the United States has 
under way a vast road-building program, ex- 
cept in very few States no systematic survey of road 
materials has been undertaken. The United States 
Bureau of Public Roads has records of thousands of 
tests of road materials, and State highway organi- 
zations have similar records, for their own territories, 
respectively, but field information is lacking. Test- 
ing records are worthless in themselves unless it is 
known that the sample collected represents an average 
of a workable deposit. The information needed is 
much broader in scope. The highway engineer must 
know where material is available, the nature of the 
occurrence, extent, thickness, accessibility, transpor- 
tation facilities, conditions affecting production—in 
short availability for roads, and the necessary costs 
involved in getting the materials, in desired form and 
condition, to the roads. 

The Dominion of Canada has long conducted syste- 
matic surveys of its road materials. A few of our 
own States are compiling and publishing information 
on this subject, but very little indeed has been done 
in the way of systematic surveys undertaken and con- 
ducted with the needs of the highway engineer in 
mind. The Bureau of Public Roads has carried on 
economic studies of rock excavation and the produc- 
tion of broken stone. It has compiled lists of broken 
stone, and sand and gravel producers in the United 
States, and has assembled all available information 
on the occurrence of road materials from publications 
and records of geological surveys, university geologi- 
cal departments, mining bureaus and State highway 
commissions. 

SURVEY OF 536 PLANTS. 

During the field season of 1920, because of problems 
arising in the administration of the Federal aid road 
act, a survey of producing sand and gravel plants in 
the United States was begun and work was completed 
in 22 States. During. the progress of this work, as 
much general information as possible was obtained, 
collaterally, about the distribution and quality of 
sand and gravel deposits in the area covered; and so 
far as possible our list of broken stone producers was 
revised. <A detailed study was made of the sand and 
gravel industry as a source of road materials. Ap- 
proximately 1,000 pits and plants were visited in the 
area under consideration. 

The tabulated information which follows pertains 
to 536 plants, at which 13 different methods of excava- 
tion were noted. 


These tables do not include data on molding, glass 








excavating plants at sand and gravel pits, unless the 
latter have a capacity of at least 300 tons per day. It 
should be borne in mind, therefore, that table No. 2, 
totals the production figures only of the plants under 
consideration in this paper. Many States possess 
widespread gravel deposits of excellent quality which 
occur so generally, and from which material is so readily 
obtained for local use, that permanent-type plants are 
few in number or entirely absent. This is noticeable 
especially in the New England States, where the 
scarcity of sand and gravel plants of the types.included 
in the tables below is not the result of the absence of 
sand and gravel deposits, but, on .the contrary, be- 
cause they may be found wherever need occurs. 

Lest the terms ‘‘wet” and ‘‘dry.’ as used in the 
following tables be misunderstood, the reader’s atten- 
tion is called to the fact that these terms are used in 
reference to excavating conditions only, and not to 
screening methods. As a matter of fact very few 
plants listed are dry plants in the latter sense. 

When the survey was started car shortage was acute, 
and information on that subject was gathered. Al- 
though there has been a complete reversal of that 
condition within the past few months, results of car 
shortage as they affected this industry are indicated in 
Table No. 2. 

Information obtained by field men on this survey 
was embraced in a questionnaire and instructions which 
covered the following points: Name and address of the 
operator; location of plant; transportation facilities; 
geological occurrence of the deposit ; amount of stripping ; 
thickness of deposit where obtainable; thickness worked ; 
kind and character of material; notes on percentage of 


| sizes; variations throughout the bed; mechanical 


analysis of the commercial product; uses of the products; 
sand and gravel production for 1919 and 1920; tonnage 
sold for road purposes; daily capacity of plants; length 
of operating season; effect of car shortage on production; 
sketch of plant arrangement; description of plant and 
method of operation, with flow sheet; kind and amount 
of power used; details of screening operation; storage 
arrangements; labor employed at each unit of operation. 

Many photographs were taken and samples of sand 
products were collected and sent to the bureau labora- 
tory for mechanical analysis and microscopic examina- 
tion. 


FEW COMMERCIAL PLANTS IN NEW ENGLAND. 


In the New England States, Maine, New Hampshire, 
Vermont, Massachusetts, Connecticut, and Rhode Is- 
land, glacial gravel and sand beds are widespread. 


or other special sands, crushed sandstone, or hand! They are mostly worked in original deposits, bu 











stream gravels are used, particularly in Vermont, 
where so many roads are built in the narrow valleys 
of the Green Mountains. 

Clamshell dredges operate from Boston for sea sand, 
and dredging boats sometimes operate from points in 


Maine. For a generation past great quantities of 
sharply angular quartz sand have been taken from the 
harbor at Newburyport, Mass., at the mouth of the 
Merrimac River. Throughout New England local pits 
are worked for road material as needed, and all the 
cities and towns of consequence have sand and gravel 
beds within or near them, from which material is hand 
excavated and used as “bank run,” or as dry screened 
sand and gravel. The total output from such pits is 
large. 

In Maine and New Hampshire, mechanical-power 
excavation is confined to steam shovels. In Massa- 
chusetts and Connecticut steam shovels, derricks, loco- 
motive crane clamshells, and centrifugal pumping are 
the methods used for excavating. At West Peabody, 
Mass., there is a pumping plant which is unique in that 
it delivers its product to the screens by two stages; a 
centrifugal pump on a boat in a pond delivers the 
material by a 12-inch pipe line to a hopper on shore, 
whence it is boosted by another centrifugal pump up 
a 400-foot incline to the top of the screening plant 100 
feet above. 

The States of Vermont and Rhode Island use local- 
type pits only. 

THE MIDDLE ATLANTIC STATES. 


In New York State, most of the plants produce their 
sand and gravel from banks of glacial origin, but 
dredges are operated in Long Island Sound and in the 
Niagara River. The land plants in this State exca- 
vate with steam shovels, mechanical diggers, derricks, 
and locomotive crane clamshells and cableway drag- 
lines. The Niagara River dredges, operating near 
Buffalo, are centrifugal-pump boats and one ladder 
dredge, with gravity screens which separate the sand 
and gravel. The product is brought to yards at Buf- 
falo, where it is unloaded by clamshell cranes. The 
Long Island Sound plants use clamshell dredges, and 
the material is towed to screening and washing plants 
on shore. 

Land plants in New Jersey operate in banks sand 
and gravel by means of steam shovels, mechanical 
diggers, derricks, locomotive crane clamshells and 
cableway draglines, and by pump boats with pipe 
lines which discharge to gravity or cylindrical screen- 
ing plants. Operations in the Delaware River are 
confined to ladder dredges, which work between Phila- 
delphia and Trenton. 

There are many gravel banks in New Jersey which 
are operated by hand, and in which the materia] is 
loaded directly from the bank to wagons, trucks, and 
railroad cars. 
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In:-Pennsylvania, most of the sand and gravel plants 
occur in the glacial deposits of the northern part of 
the State. A few land plants occur elsewhere, in old 
river terraces. Much sand and gravel is also taken 
from the Delaware, Allegheny, Monongahela, Ohio and 
Susquehanna Rivers. In this State, four hand-oper- 
ated plants have a sufficiently large production to 
justify their inclusion in the tables which follow. Of 
the plants which operate by strictly dry excavation 
methods the majority use steam shovels. One loco- 
motive-crane clamshell is in operation and three cable- 
way draglines. Two plants use cableway draglines 
for excavating from small streams. The 20 plants 
obtaining their material from the larger rivers are 
evenly divided between pumping boats and ladder 


| dredges. In the Pittsburgh district, ladder dredges 


are used exclusively for river work. Revolving cylin- 
drical screens are used on the dredges and the products 
delivered to barges alongside, the latter being towed 
to yards along the river bank. 

In the Williamsport district, centrifugal pump boats 
are used exclusively, all material being otherwise 
handled as in the Pittsburgh district, except that a 
few use gravity screens only. In the Philadelphia 
district, both ladder and clamshell dredges are used for 
river work. Material is screened on the dredges and 
delivered by barges to storage yards in Philadelphia 
and other points. There are no pipeline, pump-boat 
plants operating in Pennsylvania. 

The States of Delaware, Maryland, and the District 
of Columbia may be considered together. In this area, 
the sand and gravel is obtained locally, mostly from old 
river terraces and small streams. The Delaware plant 
operates on a large scale, excavating with derrick clam- 
shell, in sand dunes, originating from beaches on the 
Delaware Bay. In Chesapeake Bay and the Potomac 
River, ladder dredges are used. The material is usually 
washed and screened on the boat, and the product 
delivered to barges. Excess sand is discharged from 
the side of the boat. Unloading on shore is done with 
the use of derrick clamshells. Some dredges, however, 
deliver by barge to washing and screening plants on 
shore. Among the inland deposits of sand and gravel, 
other than the sand dunes referred to above, sand and 
gravel deposits, varying in thickness from 12 feet to 30 
feet, are worked by steam shovels and derrick clam- 
shells. 

Some gravel and an abundance of sand, of excellent 
grade, occur in the Cretaceous, Tertiary, and Qua- 
ternary formations on the eastern shore, and in the 
Palzozoic formation of western Maryland. Sand also 
occurs in the tidal streams and estuaries, from which it 
it extensively dredged. A short account of sand and 
gravel in this State may be found in the Maryland 








Geological and Economic Survey, Report of. 1908, 
Part II, Volume VIII. 
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VIRGINIA AND WEST VIRGINIA. 


In Virginia, there are 14 sand and gravel producers 
of the class under discussion in this article. Sand and 
gravel deposits may be found along many streams and 
in river terraces. Land deposits are mostly worked by 
dragline excavators—two plants use cableway drag- 
lines and two plants use steam shovels. River and bay 
work is conducted by pumping plants or ladder 
dredges. These are found on Little River, 12 miles 
northeast of Richmond, and on the James River and 
Chesapeake Bay. A Baltimore corporation, which 
operates from Norfolk, Va., on the James River, and 
at Petersburg, Va., is reported as using ladder type 
dredges in addition to pump boats. Land deposits are 
relatively thin. None of those at present being worked 
exceed 25 feet in thickness. Operation in these de- 
posits is therefore relatively expensive. Plants operate 
the year round in this State. 

In West Virginia, sand and gravel deposits are com- 
paratively scarce. Exclusive of small hand-operated 
pits only six land deposits are worked. Operations at 
these are conducted by derrick clamshells, cableway 
draglines, steam shovels, and horse scrapers. River 
deposits are worked by 14 producers, the operations of 
which are equally divided between centrifugal pumps 
and ladder dredges. Land plants use gravity screens 
only. Ninety-five per cent of the sand! produced in 
West Virginia is dredged from the Ohio and Elk Rivers 
or pumped from smaller streams. The ladder dredges 
on the Ohio and Elk Rivers are equipped with screening 
plants, whence material is towed to shore in barges. 
It is then delivered to storage piles or hoppers for truck 
and railroad car, loading by clamshells. A few plants 
further subdivide their material by shore screening. 
The stream pumping plants in West Virginia operate 
with 6 and 10 inch centrifugal pumps, some of which 
discharge to barges, and others, by pipe lines, to 
gravity screens on shore. 


OHIO AND INDIANA HAVE MANY LARGE PLANTS. 


In Ohio, sand and gravel beds are widely distributed 
and, over much of theState, are of glacial origin. Forty- 
five land plants are included in the list of this survey. 
Twenty-seven of these are operated by steam shovels. 
There are no mechanical diggers or dragline scrapers in 
operation in the State. 

All other methods of excavation, however, are used, 
there being a greater variety of methods of operation 
found in Ohio than in any other State studied. Large, 
modern-type plants are common. 

Pumping and dredging plants operate in Lake Erie, 
the Ohio River, and in some of the smaller rivers 
of. the State. The three types of dredges (ladder, 
dipper, and clamshell) are found in this State. Eight- 
een plants excavate by centrifugal pumps. Some 





1 Consideration of crushed sandstone plants, which are numerous in both West 
Virginia and Pennsylvania, is omitted in this paper. 








screening is done immediately on the dredges, but some 
pump boats deliver by pipe lines to screening plants on 
shore. On Lake Erie, the method of operation is 
pumping, the material being delivered to barges. 

The State of Indiana is remarkably well supplied 
with sand and gravel, and commercial, permanent- 
type plants are found in all parts of the State with the 
exception of a portion of its southern extremity, which 
was unglaciated, and a few counties in the north- 
western part of the State. Southern Indiana is well 
served with these road materials through deposits 
taken from the Ohio and Wabash Rivers. For local 
use in the southern part of the State there are wide- 
spread deposits of stream gravels mixed with iron 
carbonate nodules, which are residual from the decom- 
position of shale and clay strata. Stream gravels 
occur generally over the State, and consist mostly of 
reassorted materials from glacial drift. The sand and 
gravel land plants in this State number 52. The ma- 
jority of these excavate with cableway draglines and 
steam shovels; a few use the dragline excavators; and 
a few others derrick and locomotive-crane clamshells. 
Excavation from the Wabash and Ohio Rivers is ac- 
complished almost entirely by centrifugal pumps. No 
ladder dredges are used, and only one clamshell dredge. 
Hydraulic stripping was noted at a number of plants 
in Indiana. The operating season varies from 7 to 10 
months. In 1905 the Geological Survey of Indiana 
published an exhaustive report on the occurrence and 
distribution of road materials in the State. 

In Illinois, gravel deposits are scarce in the central, 
eastern, and southern portions of the State, and these 
districts are served through plants on the Mississippi 
River, at the mouth of the Ohio River, and on the 
Wabash River. This statement, while true in general, 
applies specifically to deposits suitable for commercial 
development on a large scale. There are 55 permanent- 
type sand and gravel plants in Illinois. Of these, 32 
are land plants, 5 of which operate by dragline method 
below water level. Sixteen of this class of plants exca- 
vate by steam shovels; two use mechanical diggers, 
while others use dragline cableways, excavators, and 
scrapers, and both derrick and locomotive crane 
clamshells. 

The State highway department of this State has 
published, in its Bulletin No. 14, a report on “Materials 
Available for Highway Construction in Illinois.”” The 
Illinois Sand and Gravel Producers Association has a 
comprehensive report on the sands and gravels of the 
State, which is known as “General Letter No. 24.” 


MICHIGAN’S GLACIAL GRAVELS INEXHAUSTIBLE. 


Michigan, like New England, has an apparently inex- 
haustible supply of glacial gravels, occurring in the 
form of ridges, known as “hog-backs” and eskers, in 
irregular hills called “kames” and in outwash plains 
and deltas. There are enormous deposits of gravels 
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also in the old beach ridges in Presque Isle and Alpena 
Counties, bordering on Lake Huron. The latter 
gravels, however, are chiefly of limestone and of low 
grade. Sand and gravel plants occur wherever there 
is demand for material. Most of them are in the 
southern half of the State. There are 57 plants in 
Michigan, two of which use more than one method of 
excavation; 50 of these are dry land plants. The 
steam shovel and cableway dragline methods of ex- 
cavation prevail. One plant uses a dragline scraper; 
six, dragline excavators; seven, locomotive-crane clam- 
shells; and three, derrick clamshells. In this State, 
many of the plants using cableway dragline excavators 
deliver to a stock pile over a tunnel which feeds to 
conveyer belts leading to screeris. Of the seven dis- 
tinctly wet-class plants in Michigan, one should per- 
haps be included in the class of land plants, as its opera- 
tions are in a glacial deposit, and the sand and gravel 
is pumped through a 15-inch pipe line from an artificial 
lake. This plant is operated as is one, described above, 
in Massachusetts. At the Michigan plant material is 
picked up in the lake by a centrifugal pump, which is 
driven by a 400-horsepower electric motor. It is 
then conducted 300 feet through a 15-inch pipe line laid 
on pontoons. A booster pump on shore delivers the 
material up a 200-foot incline of 20° to screens. 

In the St. Clair, Detroit, and St. Joe Rivers and 
Lakes St. Clair and Erie, operators excavate sand and 
gravel by means of clamshell dredges and centrifugal 
pumps. In this State, the stripping is comparatively 
thin and at most plants the overburden is carried to 
the plants, and eliminated by washing. The operating 
season varies from 75 to 250 days per year. 

An account of the road materials of Michigan may be 
found in publication No. 27, Geological Series No. 22, 
of the Michigan Geological and Biological Survey for 
1917 and prior years. 


WISCONSIN WELL SUPPLIED. 


Few States have a greater abundance of road material 
than has Wisconsin. Suitable materials are found in 
nearly every county. The southwestern quarter of 
the State is free from ‘“drift.’’ Elsewhere glacial sand 
and gravels arecommon. A great majority of the pro- 
ducing plants are located in the southeastern quarter. 
Thirty-one permanent-type sand and gravel producers 
operate in this State. One of these, only, produces 
from Lake Superior. This company excavates with 
clamshell dredges and occasionally takes gravel from 
beaches, bringing the material within reach of the 
clamshell by means of dragline scrapers. One plant 
operates a centrifugal pump boat in an artificial lake, 
At this plant the material is delivered through a 10- 
inch pipe line to a settling pit, whence it is loaded 
direct to cars, without screening, by clamshell. Eleven 
land plants excavate with steam shovels and eight 
with cableway draglines. Derrick clamshells, dragline 





excavators, and scrapers are also used. In Wisconsin 
mechanical diggers are more extensively used than in 
any other State. The latter may be seen to good 
advantage at Janesville, where they are operated by 
electric power and deliver to conveyor belts from high 
banks of loose material—favorable conditions for these 
machines. 

The Wisconsin deposits are especially free from 
clay, but in the Janesville district the overburden 
reaches a thickness of 6 feet. In other districts the 
amount of stripping is small. 

Local pits supply road material in many parts of 
the State. A number of counties in Wisconsin own 
and operate sand and gravel plants. 

The Wisconsin Geological and Natural History 
Survey has published a report on the natural road 
materials of Wisconsin. There is little reference to 
sand and gravel although the distribution of glacial 
drift is discussed and outlined by map. 

Glacial drift covering Minnesota provides sand and 
gravel as needed. Most of the large producing plants 
are in the southeastern quarter of the State, and, 
naturally, many of these are grouped about the large 
centers of population at St. Paul and Minneapolis. 
A large number of plants in this State excavate with 
steam shovels and dragline cableways; others use 
mechanical diggers, derrick clamshells, dragline exca- 
vators and scrapers. Five plants excavate with 
centrifugal pumps. One company operates on the 
Mississippi River and another on the Minnesota River. 
The other three excavate from ponds located in glacial 
beds of sand and gravel. On Lake Superior, one 
company operates by pulling the material from beaches 
by means of steel scrapers. It is then picked up by 
clamshell dredges and transferred to barges. One 
company in the State uses bull jigs to separate shale 
from the gravel. 

South Dakota commercial plants are but three in 
number, and are located near the eastern edge of the 
State. Data for our tables was therefore gathered 
by side trips from Minnesota. Methods of excava- 
tion were found to be cableway dragline, dragline 
excavator and steam shovel. Conditions in the rest 
of the State were not investigated. 


IOWA IS COVERED WITH GLACIAL DRIFT. 


Iowa is covered with glacial drift except for a small 
area in the northeastern part of the State, bordering 
the Mississippi River; consequently sand and gravels 
abound and are found, suitable for road work, in three- 
quarters of the counties of the State. In some coun- 
ties the quantity is insufficient for more than the main 
roads, and the principal supply must be obtained from 
the larger streams or from terraces. River terrace 
gravels are of most importance along the streams flow- 
ing from the Wisconsin drift area in the north-central 
part of the State. Important pits in these terrace 





gravels are at Mason City, Iowa Falls, Gifford, Bel- 
mond, Clemons, Des Moines, Grand Junction, Lake 
View, Spencer, Cherokee, Emmettsburg, and Estherville. 
Gravel hillocks and knobs, known as kames, are abund- 
ant in north-central Iowa. Several counties contain 
gravel plains of under-stream and outwash origin. 
The kame gravels contain considerable clay, and wash- 
ing is necessary. 

Among the land plants it is worthy of note that 12 
cableway draglines are found and but 4 steam shovels. 
Two plants excavating by means of horse scrapers are 
included in our statistical tables because of the amount 
of their production. Four companies operate dragline 
scrapers; three, locomotive-crane clamshells, and one, 
derrick clamshell. The sand and gravel industry in 
Iowa is exceptional in that a large majority of the 
plants excavate by means of pumps. Forty-three com- 
panies use this method. There are a few large pump- 
ing plants which operate in artificial ponds in sand 
and gravel deposits. The majority of them, however, 
take their material from the Mississippi and Des Moines 
Rivers and some of the smaller streams. 

The Iowa Geological Survey in volume 24, Annual 
Report, published a comprehensive account of the 
road materials of the State. 
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Kentucky, as compared with the States over which 
glacial drift is deposited, is greatly lacking in sand and 
gravel deposits. The Ohio River, however, is a source 
of supply for shipping purposes, and nearly all of the 
permanent-type plants of the State are located along 
this river. Many pits for local use occur in stream 
deposits over the State. Some of the deposits worked 
near Louisville and Ludlow may be of glacial origin, as 
a point of glacial drift penetrates a short distance into 
the State at this point. Some material is taken from 
the bed of the Kentucky River by pump dredges, and 
some from the old terraces along this stream. Ten- 
nessee River terraces furnish an abundance of coarse 
gravel as well assand. Such a deposit has been worked 
up to a thickness of 50 feet, the total thickness being 
undetermined. Three companies in Kentucky exca- 
vate with steam shovels; one, with dragline excavator; 
seven, with centrifugal pumps; and one, with clamshell 
dredge. The river pumping plants clean and size the 
material on dredge boats, whence it is delivered by 
chute to barges, and finally unloaded on shore by clam- 
shell or cableway dragline. The river pumping plants 
in this State operate about eight months in the year, 


while land plants occasionally operate throughout the 
year. 








TABLE 1.—Permanent-type commercial sand and gravel plants.' 


MAINE, 








Name of producer. | Office address. 
Bangor Cast Stone Co............---------+--++++ | a 
Maine Crushed Rock & Gravel Co.................- | Portland, Me 


Location of plant. Method of excavation. 





| East Hampden, Me............. 
BE SEIS $n0'5-646 So sicwarwonvees 


ry; steam shovel. 
Do. 








NEW HAMPSHIRE. 


Standard Sand & Gravel Co 


eer ee ee ee ee ee eee eee! 


NN, Tig s Sevcdevenrrecuse 


Milton, N. H 

















MASSACHUSETTS. 
Bernie Sand & Gravel Co........2...........-.---- Wilbraham, Mass............... Wilbraham, Mass Dry; steam shovel. 
Boston Sand & Gravel Co...............-...-.--+-5 eee ee Scituate, Mass... . Do. 
hak EeNeouheGenesbenGeteccenreccecsscceseclenees > puecescnteenerdeccvesnaken Greenbush, Mass. . Do. 

etn lb aanblneh eesw es 6ocses<cucdcunscalegeeelbhe eeteeveseweseeeoscascua Topsfield, eR Do. 
Highland yk «. ape _, a ee ee West Roxbury , Mass. . ---| West Roxbury, | See | Do. 
Sf nS ee ee” hee eres Sk hee eeaen | Dry; locomotive crane clamshell. 
Massachuset Sana Ce TE Cixwaccctesecaseseed Newton Upper Falls, Mass...... Newton by A Falls, Mass...... | Dry; derrick clamshell. 
J. H. ~~ wetsaneeeen peeeWecheb bentadsereccesecésesseese ee ee ee Co, A ee Dry; locomotive crane clamshell. 

PbS eaewandieeysn<n<gyedceccedaleeees _ EET Do. 
New England Ny SF NI Oy onc cy ecconsesaccivaced = Pee coe eeseaecesanKencend West Peabody, Mass............ Wet; pump. 

ss MEL DRE ETRS ERE CSE weer ehaciveeel cape ibe sparen becimensaddecewane Weel Roxb Heights, Mass..........| Dry; dragline excavator. 
oume H. Noone Sand & Gravel Co................ West ‘Roxbury, errr Roxbury, Mass........... Dry; locomotive crane clamshell. 





CONNECTICUT. 













Atlas Sand & Gravel Co........ jist | Hartiond, CoG... ...ccescsessss 
a ec nitd dxcdwwtnede cine uaceecerdesteunel 
~~ Sand & Gravel Co................0..0-- | Bridgeport, Conn. . 

tence edavddessGueecesaceseds aul | Torrington, Conn............. 
PE PDA. vncevekensetectccescwsccoscescscace Bridgeport, Conn............. 
New London Sand & Stone Mecdiebiunintansaneancel | New London, Conn........... 





..| Dry; steam shovel. 
--| Wet; clamshell dredge. 
--| Dry; derrick clamshell. 
..| Dry; dragline excavator. 
-| Wet; dragline excavator. 
..| Dry; dragline excavator. 
| Dry; locomotive crane clamshell. 


| Farmington, a 
Connecticut River . 
| Peemeert, Conn... 
Torrington, Conn. . 
Turnbull, Conn. 
Massapeag, Conn....... 
Seymour, Conn 








1 A few plants are included which, although not having a permanent type of plant, produce 300 tons or more daily. 
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TABLE 1.—Permanent-type commercial sand and gravel plants—Continued. 































































NEW YORK. 
| | 
Name of producer. Office address. Location of plant. Method of excavation. 
- - - caer ae — ence me 
Allegheny Sand & Gravel Co.................------ A Ae eee CU A i ee eee | Dry; steam shovel. 
ee eS a ee atte We! Winidweanagieccesasenes Williamsville, N. Y............. Do. 
Buffalo Gravel ey en Ei nchecagh oes csaene ers ga th aan eiiaesed aackeoesoeteceee ba aE on sacasecase ess ses Wet; pump and ladder dredge. 
RRS eee ee errr | Attica, Si Raa Dry; locomotive crane clamshell. 
Darwin Sprin Sand WONVEE CO. . icccccesnsiass |S Syracise, N o aes | Darwin Springs, N. Y........... Dry; derrick clamshell. 
2 Se ee Pchanizavtite, is Mick cwecewskes Ba 1 oS S&S ae Dry; locomotive crane clamshell. 
Fredrisks’ Sand & Gravel Co...................---- A ee, ee aoe eo}. & eee | Dry; steam shovel. 
Goodwin-Gallagher Sand & Gravel Co.......-....-- Now Tork City. . .5....scceceess eR 1 See Do. 
Bc ais Gncredeciassoeceptencern Schenectady, N. ¥2222222222222: & eee sepa Wet; pump. 
pS RS ey a eee ee ey J UO i, ee e. .2. 2 eee | Dry; derrick clamshell. 
TR hs ono onic kieeenectanamedsencsaass Sa A RSS Dee eee (PHIM So cegsc cas icsevesses Wet; pump. 
Machies Hand & Gravel Co... ... .........ccccceseceslecess | Ee eee ee Se eee Dry; cableway dragline. 
Marlboro Sand & Gravel Co............2--...--ee0- HOW. FEE CIT... ccsiccncccgesccs | | “s.  . eee | Dry; steam shovel. 
EE NN oo 050s n00.cneeysheks cosines ne hineb actu ne wonescbusenesne | Roslyn, Long WENT: cc ccsckecd Do 
Niagara Sand Corporation....................---... SS S eae eae | Buffalo, N eee Wet; pump. 
Oak Corners Sand Co..............--.2ce-ececeseeees gn, ere Oak Corners, N. Y.............. Dry; mechanical digger. 
Parry-penisel Sand Co. ........si occ ccccccescccsccce MUI Bncrnsc0ncecccenes oo | 4 See | Dry; derrick clamshell. 
pe 8 ere re 3 Saaieeempeieteiaes Arrowhead, N 1 3 ee ee | Dry; — shovel. 
ES ee ern OS OS” aaa ee Scottsville, Rana | 
Henry Steers Sand & Gravel Co...............--... ge ee | PHOPREES, he SE cece ccececcesess Wet, cemedieell dredge. 
NEW JERSEY. 
MUNN BRRG GO n 885. 5.2355 cas eccesneesascccesnns Atpasett, NF. csc sincctee sins RUM TF inn cickicc de crcecees. 
IE. ico ca a Wodaveucnsianacs¥eeseed Pe ae ee PR Cans cc kivdanensates Dry; derrick clamshell. 
— MILD. cic nico at dalaGunideraawabakeun Gan Co a. oe Sn a pS OS he Dry; steam shovel. 
eric pte a desamemst'snne0a0 00S tteaaes te eeetianane / eS Ul ee Do. 
Ca ra Sand a bc cnc OWaa sue namaha a Wen ane oO A eee eneee 2 AS ee Do. 
CW. SEO ae oi: New York City. ............-.-- South Amboy, N. J............. Do. 
es River Sand & Dredging Co..............- Bordentown, N.J...........--.- a, SS eeererrr or Wet; ladder dredge. 
Se IN a. oo cn ccd acesandenavactssccqnaseehs Denes, 0.8 ........-<.c.0000-. Downer, N. eatin. csagou ken Dry; steam shovel. 
PN oS cdc Senavstwceaceccanequcweue Philadelphia, ee ee or Lo SL Ee Do. 
a ee ee ee re eee. Brid “ete Me acowensinatepeeyen Do. 
Be ee ete a 2 Saale Gaus biotech awaiaan ask in'acn sae Come aen le ages <a'e'eh outioen tae 6 1i ae neatee aan eek aasibavkesuas Wet; ladder dredge. 
John @. een. Pe Sra eanmauwoekcameeks ieee seme Stanho Sh BREE SEN ine! | Near Netcong, N. F i Beers Dry; derrick daumnell. 
DIN MEINE Oo n nook aoa ceccdccecceesscees South Lakewood, N.J.......... South Lakewood, N.J.......... Dry; mechanical digger. 
Menantico Sand & NINN OO: cr cavadesncexedkesapeas i Le eee Se aa ae SS eee Wet; pum 
I IN ono icc eciekinedcnctaccncsneeneie PUGMEMOE, IN. F «=< 0. soc sewces pe ere Dry; steam shovel. 
Morris County Crushed Stone Co.........-...------ eaeees, “ EE RS a= eg + Se ee 0. 
New Jersey Sand & Gravel Co..........--..-------- fe SD aaa eee ae Pe ee ee ee Dry; derrick clamshell. 
oneness HOMINIS 6 ino. 5 kv cncncscosscscatpesece Philadelphia, Pa Gnelncsyoqwoucae Birmingham, N -+s+ss+..-| Dry; steam shovel. 
eh eee a heen _ ae ea --| South a ly ‘N.J.........| Wet; locomotive crane clamshell. 
eee Succasunna, N. J.. ae, St eee -| Wet; pump. 
ae ING wnesescesteeesen — MeN wecncumeconcerewtn | came Do. 
eee nea ua aonnesennas dc amenaemsneenskadn keen ma mges sa e Kenvil, NJ. Do. 
J. M. Siokes weet ete n cece ccc cc cece ceecenee Hancocas, N.J.. x Rancocas, Wed. ..| Dry; steam shovel. 
Succasunna Sand Co. ........-..------+++- -| Morristown, N. J.- -| Succasunna, N. J.. ..| Wet; pum 
Warren Sand & Gravel Co. ......ccccccccccceccocce a a ee Carpentersville, N. J............ Dry; cablew: ay dragline. 
PENNSYLVANIA. 
omuinbiis 
Beaver Sand Co.............---.2cccessecoececesee MOBVOR EO. 2220025005 2050% soe], ORNOEs BOinassesecccn sete ccsewes Dry; cableway dragline. 
Crawford Sand & Gravel Co. .........ccccccecccccee Meadville, Pa Meadville, | Se a eee Dry; locomotive crane clamshell. 
Curtis Hill Sand & Gravel Co. ...............--ee0- Co ae Morrisville, Pa Dry; steam shovel. 
ee IE, SII bn ok an cea soeseaceweduclnes Le SS ee Rivers near Pittsburgh.......... Wet; ladder dredge. 
Erie Sand & Gravel Co.............--.----------++ ee ee ES eer | Wet; pump. 
A. Be GeaNe GONG CO... eo cccaccccccsevecess Linden, Minascercntscocsceuacen Linden, Diceevenkvceenmusecens Do. 
ee ee errr Se OS eer | Dry; cableway dragline. 
BO eae rere Lime Ridge, Pa... ......ceecee- Oe) Dry} steam shovel. 
pe ee eee err See Mount Bethel, Pa............... Do 
Nee eee Pittsburgh, Pa................-- Rivers near Pittsburgh.......... | Wet; ladder dredge. 
Keystone Sand & Supply Co.................------|----- __ ER Se eee Near Neville Island, Pa......... | 
Se oc a tkks cankscnwigeeetoceme Ns Birkin cas. cde vresen qe saews Warren, Le ere re | Wet; conden ay dragline. 
ear rs eee Erie, | Se pian oleeen Sobbegi Po) S| eee Wet; pump. 
Lycoming Silica Sand Co...........-....----++++++- Fairfield, Pa...........+-.--+++- Oy ee | Dry; steam shovel. 
aria awe eck vo nidrcexanueacesoesen Pant Maton, Pa.......5+<<<00s Point Marion, WG anh <Savcevenen | Wet; pump. 
TIN arch yin cScns a cce coe tanncvenaheneuns wag DR oiiccintie caksnnad snot NI ee olanicecehwabasaooe | Dry; hand. 
Nickle Plate Gravel Co... ..........0s.scccceesences ee ro Palrview, P@..-..06.00020++200- | Dry; steam shovel. 
nn. cisco nconceubbeanesiongeed Pittsburgh, ee ee Rivers near Pitteburgn.......... Wet; ladder dredge. 
Penn Sand & Gravel Co............------eceeeeeese — PRicabacactesceses Li, oe Dry; steam shovel. 
Pittsburgh Sand & Supply Co.........-.....-.----- Sar Le eee Wet; ladder dredge. 
SO be ee ee Point fierton, _, PEE Se ery Point Marion, Pa............0. Wet; pump 
I WIGS 6 Sonic esvcccscnishceecens secures Pittsburgh, | eSiin eelbaip a West Elwood Junc., Pa......... Ww 7 adder dredge. 
IN oc iinrec sown oviesee sesuaanesniycbs=qiive and eee: ere Rivers near Pittsburgh.......... 
Sa AM oe PIRBRE CO... 65... ceccnsssscoccecnece A: Seer OS. Seer ae. steam shovel. 
I ov oc nsie bacswncwnscctweccsssexkpauees ae Portland, eo Do. 
Eh 0 OEE BRIO. iin 3 vce ccsencccssenelutees Northumberland, bi csaeesernen | Northumberland, ica usseens Wet; pump. 
Bills itinas tics kienclnwt csnnenenwnaes balenseeadwateteuaee | RSE a eee eS, ore Do. 
D.N. Thomas Sand & Gravel Co..................- Williamsport, Pa................ | Williamsport, _ eee Do. 
SNE NIN TOR. 5005s, co ccvcssensesceverssonsis Harrisburg, Pa..............--.- | Harrisburg, Pa..............-..- Do. 
IN aoa uigetuenwapaseoa antares cein ge ae ee Bo a oS Sa re Dry; steam shovel. 
Valley Sand & — eceschasicnarachesseaeens ES eee Parnassus, aac hecascAaabed Ww aa gag dredge. 
Ro, ee eae Philadelphia, Pa.............-. Py ee 
= errr r a me _. Se eee eer ee _ ee ae ee Wet; —— and dipper dredge. 
Washed Sand & Gravel Co. ................0--0-00 East Bangor, Pa..........---.-- | Mount Bethel, Pa.............. Dry; steam shovel. 
WS Sn relinceuian dt bauseeensyar vernon ae OS eee ll eee Dry; hand. 
Wayne Concrete & Sand Works.................--- IS a 6c Gienie'ecsy tine nena 0 a ee Do. 
i ere eee DGUGIOWN, PR. ..05 ccccccccce Duboistown, Pa...............-- Wet; pump. 
Williamsport Sand & Gravel Co..................-. barry ri AEE EES Williamsport, Pa................ Wet; cableway dragline. 
Wyoming Clear Sand & Gravel Co................. wie Barre EEE SES, See Bf See re Dry; hand. 
Wyoming EE OO Oo anknccecacsancsninscees ee Boe. . Serer re Dry; steam shovel. 
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TABLE 1.—Permaneht-type commercial sand and gravel plants—Continued. 






























































































DELAWARE. 
Name of producer. | Office address. | Location of plant. Method of excavation. 
Rn OI 6 ccc vecccuseedecudcasawnsdeundseecs | RON, DO os csxcecavdccguewegs CP a. Ea eer eee ene | Dry; derrick clamshell. 
MARYLAND AND DISTRICT OF COLUMBIA 
Pe COROIIIO 6 ow oc cceccccccesivvccecesscres | MG, WEG oo 5 es ccsceveced Spring Grove, Md............... | wet: ladder dredge. 
ON indo pcan akiueysiqeyasnescane CHEEDORINIIG, PEGs «6k. cnccasvcese Cumberland, Md................ | Dry; steam shovel. 
ae Sand & Stone Corporation.............. 2 9 eas i, ee ees Do. 
Pd RI EARS c. ciuctncntorscbeedevenreremad  . Ss ae 4 SSeS eee Dry; derrick clamshell. 
Golnmbin Granite & Dredgin -_ | Washington, D.C... Potomac River near Washington| Wet; ladder dredge. 
E. M. Goode Sand & Gravel Co..... Havre de Grace, M Charlestown, Md................ Dry; steam shovel. 
Ge Eo oS a ncccceubaeseswcix suv ensssecseceans Weeneetl, BD. Go kc cccsccescce River near Washington......... | Wet; ladder dredge. 
| 
VIRGINIA. 
Aaueee ND butintis chsvevicietesstdeteviuan seems, Md Petersburg, Va Wet; pump. 
Lee PechiaranieddntesKnwcane nbs bndks4Jeou sleet ae baie naaks acum Wagpeaeee Norfolk, Va........... Do. 
Atlantic Sand Co weentwnkenes Norfolk, Va. Emmerson, Va Dry; cablew ay drag line. 
J. V. Bickford............. ona Hampton, Va Hampton, Va Wet; pum 
Dixie Sand & Gravel Co.............cccccccecccccce Petersburg, Va Prince ig A County, Va...... Dry: drag- ine excavator. 
Highland Park Sand & Gravel Co.................. Richmond, Va as Dry; steam shovel. 
James River Sand & Gravel Co..................... i, |) Chesterfield County, ) =e Wet and dry; cableway drag line. 
ee, a ce Dek sEdetcteacsnecvkvcuceea Bs Wile bscSovdsvcencvcckes 14 miles east of Norfolk, Va..... Dry; steam shovel. 
Massaponax Sand & fe ee Fredericksburg, Va............. pO a eee Dry; drag-line excavator. 
pO SE ee ree po a eer ee Little iver, asset a0-40% lciu'sona ou Wet: —_— 
Old Dominion Sand & Gravel Co........... ero eee Oe oe POI, V Wivcasiixeviccewecccs Dry; drag-line excavator. 
Petersburg Sand & Gravel Corporation............. Soe aman! EL ARI | Across river from Petersburg... Do. 
Southern Sand & Gravel Co.................-.-..-- PUNE, "VG... oo cesecstssases | Massaponax, Va............... i Do. 
WEST VIRGINIA. 
I NE Onin hse sc titcccascesendianidsaes | Wrens, Ws Vs nrc dccvgseass | Bl Sf ee ee Wet; ladder dredge. 
Bridgeport Wall Plaster Co.....................-.. rer _ errr | Wheeling Island, W. Va........ Wet; pump. 
SEEN, bore cen ccswivadcncntevccsnsdunndee | New Martinsville, W. Va....... | New Martinsville, W. Va....... Wet; ladder dredge. 
CE Cie ansnccacccheccnsesenassantvereess | Moundsville, W. Va............. Chestnut BG Ww VBewesecdsccs Dry; derrick clamshell. 
Deckers Creek Stone & Sand Co..................-. | Morgantown, W. Va............| 3, eee Dry; steam shovel. 
Kentucky & Ohio Transportation Co............... | Carrolton, Caliah ae athe Huntington |S aplasia Wet; pump. 
ie aid ged skid navaptwenaucysyeuuasn |, itinlalerata: Lavalette, 5 bantenacaasanets 0. 
New Martinsville Sand Co.......................... New Martinsville, >: Se | New Martinsville, . . Wet; ladder dredge. 
I Oi oe ei dew cnevcccadeneecceesascan | Moundsville, W. Va............. | Moundsville, W. Va............- Dry; cableway drag line. 
Ohio Valley Sand & Slag Co........................ ae Sa ae Chestnut Hill, W. Va........... Dry; derrick clamshell. 
Parkersburg Builders Material Co.................. | Parkersburg, WEEE acc asact Parkersburg, Ns Wiicekceccanand Dry; horse scraper. 
Parkersburg § EN nese yecvscsitsccnstreawesioonccloue” SA ee ene Baer ee | oun i ihatutasedvicstuseciaswcenus Wet; ladder dredge. 
ie ven evkrecsavatuetiessevaswanedey | Ceesssced, We VGs occ. ccceecscs SS See Do. 
EE Gy 6.0 tecccrsccceseccccsevtenecavenas | Proctor, W. Va................. WEOe Bite. We Vilevecesecece .-| Dry; derrick clamshell. 
INES TIPU Wi vie ccsccncnccasccccasccnccee -----| Point Pleasant, W.Va Point Pleasant, WwW. V8... -| Wet; fad and dipper dredge. 
West Virginia Sand & Gravel Co................... Charleston, W. Va......... .| Rivers near Charleston. . . WwW * adder dredge. 
Wheeling Wall Plaster Co.......................-.- | GE, We Wine cncivevscuncs WRN, WE Bisse ccncccccecs 
Wilson Sand & Gravel Co. ................0.2-0000- | Huntington, W.Va............. Fork of als, Lh 2 a et Ww ee ; pump. 
Paced ddvendeesek Ged asedsendewnuadecsiemedes Rear | Re a ee eee Huntington, W. Va............. 
PEE EE WING od d dutnwaeswncddncdeuecriactamaeen | Ob. Athena, W. VO.0.6.cc068502. VOCR Of Coals, W. VG... .c065000 “ 
| 
Acme Coal & Builders Supply Co.................- GD inn ssc ce iaceseseuxe River nae ioulete, i Wet; pump. 
Akron Sand & Gravel Co...................... ¥af SING sw bacaceentectccesa pen ene Dry; ~ ea shovel. 
The Barnes Sand & Gravel Co...................-- Piketon, Ohio Near Wakeneld, eee 
OD. Thc USOT COMGTOG OO... 0 occ ccccccccnsecscevces | Barberton, Ohio................ Barberton, Ohio................ Not (7) eehnatinne 1920. 
i la iecdsass vis cgeshcntseadedssden | Springfield, EE ae —" A ES es ieee Dry; Losse scraper. 
Buckeye Sand & Gravel Co....... eeeengscadeneen ; Cincinnati, Ohio................ MRE SPIO. . ... 52-00 00500005 Dry; cableway dragline. 
Central Gravel & Sand Co......................22-. Dayton, | aeieliRicalalel amen Dayton, ae Berea. .....| Dry; steam shovel and cableway dragline. 
et tekexcnvnsnencssenens deceswaacaon Cleveland, eae Wi low, | |) Se aor ee Wet; pump. 
Chillicothe Sand & Gravel Co...................... Chillicothe, ae Chillicothe, Ohio. ............... Dry; steam shovel. 
Cleveland Builders Supply & Brick Co............. eeeend, pane ale aga: Aurora, EE ene | W et * scams 
Columbus Sand & Gravel Co................-....-- —e, PS SR arederechodnd Columbus, Ohio. ............... 
EE Glas. pucetasicnteecactnd ranscgecs| seek eu erasassaccudectdescerateuned | SSSR Oa re eee meee WwW *- =a dry; dipper dredge and steam shovel. 
I RS oe cai cctcccesdtecnaveccedesdacued Bellair, a Winding Hill, Ohio...... Secale | Dry; - line excavator. 
Dayton Sand & Gravel Co.......................-. oS ae Dayton, Ohio........ a ae Se | Wet: cab i ay dragline. 
. Deming Sand & Gravel Co................... | Piqua, SS Ge 9 ae Rossville a | Dry; han 
Diamond Sand & Gravel Co. ...................... ke ae Garfield Heights ar | Dry; oeiketive crane clamshell. 
Do Ville Lake Sand & Gravel Co.................- WIND ssecicesdckedazasne Maumee River, ‘Toledo, Ohio ...| Wet; pump. 
East End Sand & Gravel Co....................... Cc hillicothe, eae Chillicothe, Ohio............ ..| Dry; steam shovel. 
East Liverpool Sand Co....................-eeecees East Liv erpool, RO ee East Liverpool, Ohio .--| Wet; ladder dredge. 
Fayette Sand & Gravel Co. ..................-0000- Washington Courthouse, Ohio. .| Washington Courthouse, Ohio... -| Wet; cableway dragline. 
ee nce hin an edd uwoineedctvecatenecedoe pO eee eee J ee | Dry; steam shovel. 
Garland Block & Sand Co......................... b 4 oungstow Sk a ae ¥ me gh re eee se Dry; locomotive crane clamshell. 
Glacial Sand & Gravel Co.........................- Zanesville, EDs a\ckaivenscaaxs Bk ee Do. 
— nae Se sieknreiiwasdinbanscncaen | Greenville, Ohio................ Fort on, OMG. .2e556.2.05.| DEY steam shovel. 
ESE ESO SEE ree eee Mi netidieta ki <sschenckosxce Mechanicsburg, RN bot ccce aon! 0. 
T.J. Petal SMM Serv Nebebexcareundeseisnisnunwenn Cincinnati, Ohio. . .......<s0.<0ss CAMINNSH, ONO... . 2... .sesceces Wet; pump. 
| EEE ES See DOOM, OUNOs. ...0..0.cceccctee River near Fremont, Ohio....... Do. 
PINOY TRIE OOD. once wccccccsccoveddecccoscs Sandusky, . ee eee OEMBUOEY, QINO. 0 5. vic cccccccccce Do. 
The Island Sand & Gravel Co.....................- Columbus, See a eee | Wet; cablew ay dragline. 
Kelly Island Lime & epeenetion RE aE Sandusky, SD ictctediekevnens Sandusky, _ aN eee | Wet; pump. 
Killbuck UE OE CIUIUON OD a doc cnccctccncsccteuccee PEPUON, CUO. 55 cccccccavevsses IE SEDs ownctncens wesw | Dry; steam shovel. 
OE Senn Sandusky, Ohio.....-...----.--. Sandusky, SERS |W et; pap. 
Ee ON WHOM Ooo oc ccc cccccncaecenenceccess Toledo, Sab epaeRE | River near Toledo, Ohio........ 
Liberty Sand & Gravel Co.....................-.-. Liberty, Sea eee Ro OS ee Dry; cablow ay dragline. 
PN MN in cde cinocadceccesacscecscsuvene Pleasant Hill, Ohio.............. | Near enant Bett, ORO. 500s Dry; steam shovel. 
ee eee Marietta, MO ee ee gS ee eee Wet: ladder dredge. 
Marion Sand & Gravel Co.......................2-.! Sy WE ii 6 cide peaewcacvaws | Near Marion, Ohio..............1 Wet; derrick clamshell. 
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OHIO—Continued. 





Name of producer. Office adaress. 


Location of plant. 





WTI Et Bias so os ds socio ive sc esveeccneccanescs 
Mount Calvary Sand & Gravel Co 




















New Philadelphia, Ohio 








Liccussasabu weesad hi LS Tee Columbus, (eee 
We I noes an sees er aieaceceucieeaen oledo, an aang tame Ae samy | Lake near Toledo, Ohio......... 
Obig Gravel Matest Co... . nos cocci cc cceslescs Cimcimneatl, OIG. 6.2.60 cic ccccess | Miami Grove, Ohio.............. 
BG ie at tatupicccniodiivacs Wha waewanetaccier= com eee ° SPREE RPE TE a a es 
DE Sepa e iidunis'ne cust ticwsd «wesw dip maken enweaSieesee ” IN Poe ROE. eee oe ee ee er 
a L sotheced stiniginste ei Gea dawncabdey ines esnaaemiead (ae Ee eer ee Miamiville, Ohio. ............... 
ect btacueisniehackis aoina pastas cea yweedinaaNe ctr tevasne st rwrear anaes es py ere 
The Ohio err nn Ae CINE Oh, oo ae Stn oc clones oo nos ec bak Pa dcsewne Cincinnati, Ohio.........:...... 
Ohio Valley Sand & Gravel Co..................-.. Shadyside, a ESS a Co eee eee 
TR Few Te OF OU 6 ooo ica c en teterestce cane Dayton, Sip Sa ee ep ana Dayton, eee eee 
a OS ee ener nr er Washington Courthouse, Ohio ..| W ashington Courthouse, Ohio. . 
Port Clinton Lumber & Coal Co..................-- Port Clinton, Ohio......2....... Port Clinton, Ohio.............. 
Portsmouth Sand & Gravel Co..................... Portsmouth, eS RS ee Portsmouth, Ohio............... 
The Queen City Crushed Stone & Sand Co........: Cincinnati, Ohio. ............... BEIGE VIO, OMG. oo sven ccc esees 
EEE UN 55 corse aienccensuvssecaenee Be OE, WIRIO’ .6.o sess. cece sen RS ee ee 
TRG BO eee CURTON CO. noon noc ccsececcccccccce Cincinnati, oo a ee Cincinnati, OWIO. ...........2..0% 
Richwood Sand & Gravel Co......................- Richwood, Ohio................+ Gallipolis, Ohio 
Hemet Bane & GvavGl CO: . ..... .ccccngeccccevesciess Canton, Ohio... eS HS SS ae 
EE II SiS ease inl iocen cs ccavew oven Steubenville, Ohio.............. Steubenville, Ohio.............. 
The Rubber City Sand & Gravel Co................ eee PS Ee 
Pe gli ae Seiad Solu cise einen te-asienione Martins Ferry, Ohio............. | Martins Ferry, Ohio 
Se eo edie cenkccwscccncvssdeascu Steubenville, Ohio.............. Steubenville, Ohio. ............. 
Southern Sand, Gravel & Supply Co............... Cotumibus, Gnio......-<... 602... ee io 
Tarco <-ssmnnetiaee ies onteas2sccoue toaaneoeeeees Cincinmatl, O10... 2. osqsecses SUMMED c= < idea cdeceks unr 
ea ihnes ieneniety ate stoairere <ieieele td asic biexwaips balnect aan re mee eee rere 
Toledo BOCES UIE OO ioc 5 oc casicinncceccecce — | Eas | Maumee River, Toledo, Ohio. . 
ee Lr aE INU CG oo. occ on cntesccluaa ase Cecnnssenneeciescowedawececlaeesd UES ae a 
Wiggins Sand & Gravel Co........................- reba Sep Germantown, Ohio.............- 
° en ty) SRS re iene ven: Massillon, ipl al pe re 
Youngstown Silica Sand Co........................ Youngstown, Ohio.............. Youngstown, Ohio.............. 
Zanesville Washed Gravel Co Zanesville, Ohio................. WOPONO, CHING < 25 ci ov'oscvccce 
| 
KENTUCKY. 
FT occas ini env and cneugamweoeesans eee Pp 6 a a eee | River near Frankfort, Ky....... 
Moin ciinsininn toto cckectue ransom’ yh ee eee ener cS 3 Seren 
DAD HEIN iNckn iweicsaesenadecnsteceseseled ea eer Near Maysville, Ky............. 
Evansville, Sand & Gravel Co...................... PRONGOTOON, TY -.w ce ccc ccceccae | Henderson, Ky...........0:.... 
Grobmyer Sand & Gravel Co......................- Carrollton, Ky SESE AES Soe Carrollton, Ky Suxtunesevarkynted 
Henderson Sand & Gravel Co. -......2.......4..... Henderson, Ky. :..3<..'.;..-..-: | Henderson, _ SSR 
ee ee ees eee oe eee eee Ludlow, Ky ER ee Aare me oe ee CS eee eee 
Kentucky & Ohio Transportation Co............... Carrollton, ‘2 Sea eens | Carrollton, K Wucskeu cise cescs 
Memphis Stone & Gravel Co. ....::...:............ Moemrmiis, Tn. .... 5... .ssse0c0 Gravel Switch, Ky.............. 
IG ooo nd arsine ceinceeesLabseeceans a a ee | River near Louisville, Ky....... 
Ohio River Sand & Gravel Co...................... Paducah, Ky Deel erin eal | River near Paducah, Ky Se erik 
Rigen Gand G Gravel CO. .. ooo. cnccccscccecveseseisie Owensboro, Ky | River near Owensboro, Ky...... 
Bi I Wie ncdaccenvceidesi<pancaxnusesnaorsn Louisville, Ky SE LTA N Ree See | River near Louisville, Ky.......| 
INDIANA. 





Di Tis oho csee vcncctsnsex deena aien 


Alina Gan BAG Gravel CO so oscc ca cicicndacscvcsiocsee 
B. and B. Sand and Gravel Co 


I race Way ne, Ind 












wgiannne watenerais aun Waa Saxtoaviaseeesaus| eee Fort i. ae 
a re ee ene Noblesville, neh enndilphhaabcaartts Near Noblesville, Ind........... 
Bedford-Nugent Sand and Gravel Co.............- ks... SS See Near Evansville on L. and N.. 
Bloomfield Washed Sand and Gravel Co........... | Bloomfield, Ind... -.- 2222222222: Bloomfield, Ind.................| 
Bluffton-Lewisburg Stone Co...........-....-...-- ee SE ane West Lafayette, Ind............ 
—- PEMINOUNNOT PATE CO... cccccccsistucccsccescs | Inclanapolis, Tad. . .....<.0<s2<ss Near Indianapolis, ae 
Se ee CRackecek okeRenncogsCaaeked Pocwed Res neccesnrennatvessiceors S. Harding and White River. 
Capital OO renee ee ee eee eee Indianapolis, Ind............... 
ae SPRUNG acrccavntaccdawsksktwesonaeone WwW iliamnsport, era fi i en 
Se ee en ee Senn aan. US ee ae eee Woloottville, Ind. .....cccncescce 
Cc wiaaaian EIN cic nisin cnaegantntwaber conan tiieeaiion Ds twikitis tow aciok neces a renee 
I os oe sc kocacamcmemauseesnes | Chicago, |S haa Sanaa aati coo SS. ae 
Covington Sand and Gravel Co.................-.. | COOMA, TEE. on oe cc ccissensccel Oo eee 
—e Sand and:Gravel Co....................| Ev —_— Fp AME cd 2A niin Sinvcasings Mount Vernon, Ind............. 
ie: “A eee ee BO VERINVIING, BUG < cccccccticcccccs 
| indianapolis, LS AT eee —o ee 
Tritt) TPCT rrrerererrerrrrrrrrt rr chet Eee ps 6enns ds set ee webs Eset 
eae eer ee eee re aren are 
Baltes | EEE eee CS ere 
ES ESS en ae A ane one * RES SES Caer ieee MGRTIStOW, TN. <2... roc cceccece 
Griffith Sand and Gravel Co Seer Griffith, TR 
TE CI oo on niscccinincwiwawaeceeanncet Hazelton, ESE a: RUIN, BIEL vicidinccs'eseeciecewes 
Abe _— Pee Se a ons rn cnn acre arene taeaiotoabateaniie Sandborn, Ew ene Worthington, Ind............... 
She hth cdinelganbuweiewadnien cee se ewus new wee aa Seamed | SSS See Ae 
J. we Hindericiter aiiieeae Dpeeee ad akaritiesscumaaeeee CO ee Lo. eee 
Ss EEO ain sidic eo vnnarscetcessvenviecers mew Bend, ea ae SUG TOG, I cc cscesscs dss 
SE nciawnKaenge we esincc wane sveclesppeatect ow enews [swe sHhOs vicsewsnegvenscsederedecee w South Bend, Ind.......... 
SSS ee ED Saar | inliamenelhs, ES eae BURDOUA, TAG. 6 .cccccccccses 
PHUNUG CUNO Os 5 oon neccncsscwcescecass noose | Derre Brewmee, Wid... . <n. ceca Ser 
John Jones and Sons. ................-- Indiana olis, ee Indianapolis, Ind............... 
Kickapoo Sand and Gravel Co......... PI as acces econ Sods se oan asi aippanacs 
Kirkpatrick Sand and Gravel Co | Greenfield, Ind..... .......6.<.. Cambridge City, Ind............ 
Lafayette Hydraulic Gravel Co.................... See ee Ee 
RI 555 ointa Sue cmecicwsadaerecvsesan Key i eee ceee Pleasant Lake, |), BAIR EA 
MEAGRE VEIN GOBVEL CO. 6 noo occ c ccc cc ccccccccuspecce | ‘Derwre Hawes, 1nd... ....5- ccscen Macksville, Seep 
SNe IIE OOo. oi ccccnseses sscinevcacece | Martinsville, Ind.............2.. Martinsville, Ind.......--...... 
I I Oo Sok sc ccnecncccseceec eatin Ae Po eee 
FO ER ne en ee Sh” Se Summit Grove, Ind............. 
Million Brothers Sand and Gravel Co.............. D Rae COE, BG oo. cc ccccvecees RAW CHOWK, THE. oo. cssnccccascs 
| ena me eee es, EES Re 
Montezuma Road and Concrete Gravel Co......... tf SRR ne ee en ee 
We 5.01 Sis Ld aiaesnontewees deahaaneaes | Shelbyville, Ind “Pike and Blue River.........| 
DN Ns ocd Nb iewaa nacane annus oecal aN EES sioava iin unetenceaen Aiticn EAR eee 
NE So ee a wea | TS | Ee ee ae eae ee ra ee 
a OD LRT, OF RRs De vies oc ae pase ea a eee 
Newman and Kirkham Sand and Gravel Co....... Re Rh” er eee I ae he oan on os kin wd 
Northern Construction Co. ............-..cccecccnce WER MEen cae cccugaecaeedas i are 








--| Wet 


1.—Permanent-type commercial sand and gravel plants—-Continued. 





Method of excavation. 


| Dry; steam shovel. 
Do. 


| Wet; pump. 
| Wet; dipper dredge. 
| Dry; steam shovel. 
Do. 
Do. 
Do. 
Wet; pump. 
| Dry; cableway dragline. 
; steam shovel. 
| Wet; pump. 
Do 


Do. 
Dry; steam shovel. 
Do 


7; cableway dragline. 
; derrick clamshell. 
y; locomotive crane clamshell 
| Wet; ladder dredge. 
y; steam shovel. 
y; horse scraper. 
y; steam shovel. 
;; clamshell dredge. 
7; steam shovel. 


Do 
-| Wet; pump. 
Do 


Dry: steam shovel. 
} Do. 

Start operating 1921. 

Dry; steam shovel. 


Wet; pump. 
Iry; steam shovel. 
7; dragline excavator. 
y; report missing. 
; clamshell dredge. 
; pump. 
7; steam shovel. 
; pump. 
y; steam shovel. 
; pump. 
I 


Wet; cableway dragline. 
Do. 





Do. 
| Wet and dry; cableway dragline. 
; pump. 
Do. 
Dry; steam shovel. 
| Wet and dry; cableway dragline. 
of Do. 
Wet; cableway dragline. 
| Dry; steam shovel. 
Dry; locomotive crane clamshell. 
| Wet; cableway dragline. 
| Dry; dragline excavator. 
| Dry; steam shovel. 
| Wet; pump. 
Do. 
Wet; pump. 
Wet; cableway dragline. 
| Wet; Clamshell dredge. 
Wet; cableway dragline. 
Do. 
Start operating 1921. 
Wet; pump. 
Do. 
Do. 
Do. 
7; derrick clamshell. 
7; steam shovel. 
; cableway dragline. 
7; steam shovel. 
; cableway dragline. 
7; steam shovel. 
; cableway dragline. . 
7; steam shovel. 
7; dragline excavator. 
| Wet; pump. 
Wet; cableway dragline. 
Do. 
Dry; steam shovel. 
Do. 


Do. 
Dry; locomotive crane clamshell. 
| Wet; cableway dragline. 
Do. 
Do. 
| Dry; steam shovel. 
| W et; cablew ay dragline. 
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TABLE I.—Permanent-type commercial sand and gravel plants—Continued. 
INDIANA—Continued. 
Name of producer, Office address. Location of plant. Method of excavation. 
Northern Indiana Sand and Gravel Co............. Wolcottville, Ind............... bd ama Br eikencctuedeuus | Wet and dry; derrick clamshell and steam shovel 
ek a, een: Plymouth, i ckcnupeindesiessatl EE | Wet; pump and cableway dragline. 
Richmond-Greenville Gravel Co................... GEOSVEO, OUD. 0 cccncccccsccc] | Richmond, Mn icSidetukeaceccd | Dry; steam shovel. 
Rebenmond Gravel Co... ....ccccccccccccccccccccces Richmond, Els nin watantie ee cndtee _ Se ee Dry; cableway dragline. 
| SE a eee ee etened yaa” New Alpeny, §208... .cccccecesces |" New SO eee | Wet; pump. 
Standard Sand and Gravel Co..................... See ee | See | Dry: steam shovel. 
— Sand and Gravel Co..................4.-- ne “tae WE eieneteceaneaviecus Grate 7 Eero Pets, Fae. | eed dragline excavator. 
ase RREARE ann caete bine eouy yes cedel ap Eea sur cnwerensdadweeneasia i eee 0. 
summit Same ONG Gravel Oo... ....ccccccscsccvece Terre. eee Terre Haute, Mn ticucecee ..| Dry; locomotive crane clamshell. 
iia ails ace Sandan hai eP owe adh hoard sind de meetketedceane - aenieasemmemacsee: Clinton meateacsecess ol Do. 
Wabash SN NS GREE Oi oc vicicccccccccescincccalessad A Prey ee Pen. | Terre Haute, Ind.. Do. 
SE RE Ey ee een aN ee ee ae : Do. 
Wabee Sand and Gravel Co. ...................2008 pT eae | Milford, Ind...... ‘| | Dry; steam shovel. 
Warsaw Sand and Gravel Co....................... Warsaw, Ind Warsaw, Ind... Do. 
Western Indiana Gravel Co......................2. Terre Haute, Ind - | Lafayette, Ind.. bubiihsseceeaeatis | Do. 
Wx oa fa DtetEEh 5 ols cuvenusasecedsccwavadsebadieeies SE IS SOS ‘ ‘| | Terre Haute, ME cukeiczets Wet; pump. 
| 
ILLINOIS. 
| 
7Etna Sand & Gravel Co........................2-- eens P| re | Dry;steam shovel. 
Anderson-Theobold Co....................2-02020ee hi” re Lawrence ognty io ihe eran | Wet and dry; dragline excavator. 
American Sand & Gravel Co......................- Chicago, Bs eee et. Carpentersville, Ill.............. Dry;s aan shovel. 
| SSE RRR, SORE: Os: De vachinvansimhacsecunenea! a wien | 
Atwood-DavisSand Co........................... clone SS a cere Winnebago County, Ill.......... = 
The Barry Sand & Gravel Co. ..................... aan 2. SS er | Wet; cableway dragline. 
Beder Woods Sons Co..................-..2.2------ Moline, al ore ee aes | Wet; pump. 
Chicago Gravel Co...............-----.--...sssee eee -. | 5 | ete ee: Pena. We..................0- | Dry; steam shovel. 
ze SODAS CORES EP CEES Se ae SEY Eu: SERS EE S. ee eee Do. 
1 EE SS EEE SALES I KS BAS SERIES. Spaulding, Ul.............-.---- Do. 
H. D. Ganley MERE Aus awed eatewheseeareemed Pe ce Fy quelle bates Do. 
LASeAheMNKeneR dndvetncadnmedechcerasntadscert |v-++-GO....-. 20.202 2e2e2-e-++++e| Oregon, Il. ..........-...-----+-| Wet; pump. 
Do Li abAebiaiwanrdl soni ene Caces eu dssinenesd lances Si daiden ea s'euasamaearctyacae eee: | Dry; dragline scraper. 
a ra win sie ous eeeesseuwed Ee _ | SE Peres 852 © er Dry; locomotive craneclamshell. 
Construction Material Co........................... RS Sees Chicago, eee | Wet; pump. 
Decatur Sand & Gravel Co.........................| Decatur, Dla vesaucackeninaecters EE ecancwGiuwewancesmya Do. 
z H. Eastwood Sand & Gravel Co................. | ONUMRLIIL .....-cccavacecesces Grayville, | SS ee eee Do. 
Revotian EM nascadascbecons perusacnewe ads Ole OU MEO. oasis sccccexicesers Ottver Branch, Til............... | Dry; steam shovel. 
Galesburg Sand & Gravel Co....................... a Sees e) ER Ray ee Do. 
H. H. Halliday Sand Co...........................! ho. ee River near Cairo, Ill............. | Wet; pump. 
Illinois Sand & Gravel Co..................-...-2-- kee ree Metropolis, Ill.......... ae Do. 
Interstate Sand & GravelCo...........0......0.2.. | Chicago, De Sebin eudndierinnmwediiaiy aay * pa eee ---| Wet; dragline excavator. 
IR irc acksineddketondcdenvsseceiacsoas [Eee sas na ncavadouacdeore eee -| Dry;steam shovel. 
ES SE Quincy, bites noadnceonnnenaat River near Quincy. -| Wet; pump. 
Lake Shore Sand Co....................... waneaihes I ceov wavconswaumuteees Algonquin, Ill........ | Dry; steam shovel. 
Lincoln Sand & GravelCo...................-..... eer US eee Wet; pump. 
Mississippi Lime & Material Co. ................... ME a cinkskdacwedenus pawns River near Alton, Ill............ Do. 
Mississippi Sand & GravelCo...................... Burlington, UU dixie cirsestaeaion eae Do. 
Missouri Portland Cement Co...................... I Sere ooh BEMNS BG. PIOUS, TD... oo nc caccicces Do. : 
McGrath Sand & Gravel Co........................ EANCGD, Ml.......cccce oo. | or Dry; cableway dragline. 
cc Ree IeiRAHNKAD AE ads da dosnennbineeeCenddnd do .-| Chillicothe, Ill................-.. Do. 
DN Gat tnder ence W Ene nesses ener ewecdcseedonscens r Mackinaw, a abc dele eavact ees ialer Do. 
i istid an ein inde aewekweseucesvecteucawees | eer Do. 
Mount Carmel Sand & Gravel Co River near Mount Carmel, Ill. . .|. Wet; pump. 
Mount Carmel Elevator Co..... Te eae ear Fs MG tgs c.ccowdcouetacse wen Do. 
ae Consumers Co...................2.2--- | ey Seis Do. 
Ss ee erreeee va eee eteeauiea aierat caidas Wet; a ee 
Neal coe meg Mattoon RS eee: 8 Se Ser Wet; 
Peoria Washed Sand & Gravel Co. -| Peoria, ge Raa itr eC ears Wet; prick clamshell. 
Pyott Gravel & Sand Co........ Chicago,  _ Sara PS eee Dry; dragline excavator. 
Quincy Sand Co........... et ee >) eae Wet; pump. 
NE aaa eee Cues, Se xatussusadtecssses re | SRS es Dryjs |. shovel. 
nC cancgsedvrcdcncescackenevabsshecaseeleas btccee sue ools.vecuhs dete I a anima caseecdewcwawes 
ae a Sand Co.. Fu sqsesé duasageNecesscedueeied Carpenterviile, | See ee De. 
Siete eennelihee Chts Krier deaesemaedeeis eS Sr ee | 60 eee ty Do. 
Rockford Sand & Gravel Co........................ } — __ EERE RH he Rockford, SES eee | Dry; mechanical digger. 
REC RTtt RCAC RO ROREER GCE ess 06 6ti0ns 606s cl need EENEG Eh eines cvedeneeewnadsehcaak ibe ew tediccse wnt onevnéinwcis Wet; pum 
Rock Island Ne Oe IIE OD icccccscsascccces |" Rock Sees. Rock Tsiand, ___ ES ee | bo. - 
Shawneetown Sand & Gravel Co................... | Shawneetown, Ili............... Shawneetown, Ili............... | 
South Elgin Sand & Gravel Co..................... South Elgin aca A tse 3 SS eee | Dry; Gunatine excavator. 
Stoker Gravel & Construction Co................... | Highland, I SNe tar Highland, Disccdaacecers. Dry; mechanical excavator. 
EE iicukgnadincbhhsdceeeetnseckcspvccod | Galesburg Thi a wivistnh on eangica wats Gladstone, IM... ...2222222222222 | Wet; pee. 
NINO. oon oo. oncccacenceccccccucccccac | Springfield, RRR Springfield, I... 2222222272777 
Western Sand & Gravel Co............0............ | pai A V wd ee Spring Valley, EOS Dry; ~ scraper. 
Yourtee Roberts Sand Co. .............0...0.00222. NE Mii nciinseve us ccncncmecs River near Chester, lil.......... | Wet; ; pump. 
MICHIGAN. 
| 
Battjes Fuel & Building Material Co............... Grand Rapids, Mich............ | Grand Rapids, Mich............ Dry; derrick clamshell. 
aaa hiaes heME i airwaves 00 0 odin cdidseaein i. | Sea | EE, SENOS coco ccnssceceecoes Dry; cableway = 
Brownlee Park Gravel & Material Co............... Battle Creek, Mich...... .., Brownlee Park, ee Dry; steam shovel. 
Nv stant bas ontdnes «sine ed oudvceeiws Grand Rapids, Mich. . -| Wyoming Township, Mich...... Dry; dragline excavator. 
SE IE OI onic nin ceca cswccccccccenccemesesta | eee: eee eae ee Dry; steam shovel. 
Cadillac Builders Supply Co....................... Detroit, Mich Rake iw sGruicadeusece River near Detroit .............. Wet; clamshell dredge. 
Cadillac Sand & Gravel Co...............00..0.24.. Ann Arbor, ____, HERE eR Se ane Dry; — shovel. 
Pe EE OE IR a nc kncncesccccccewsccceces a S| See ee 
alverts Sons Washing Plant.................... .. i eae Oe SS aa aed cablew ay dragline. 
A. City Sand & Gravel Co................. Cass City, SSS #.--| Cass City, _., SEER 
Champion Sand & Gravel Co............ Marquette, Mich................ | Dasmmota, Mick........ 20.00.00 | meer; steam shovel. 
Conipumers Gravel Co. ..........c.cccccccssessccess| DOGTOM, Mich... .........0cccce0e Detroit, Mich... .222222222222221] Wet; pump. 
Crescent Gravel Co................ | Hershey, EES Hershey, Mich.................. | Dry; steam shovel. 
Detroit-Greenville Gravel Co.................... | Greenville, Ohio................ CO een | Do. 
Detroit-Oxford Gravel & Stone Co................. | Oxford, lalate tes Oxford, EE Dry; i locomotive crane clamshell. 
Detroit Sand & Gravel Co.............0.0.00022.02. Detroit, _ SRS ee See’ , |S ~  eRee tae 
Federal Sand & Gravel Co........................- | Saginaw, cn OEE SER. PI od aecaenaiescceed Sear dragline excavator. 
Seis do Goad oo nacacbiOeinsnatawdsraneducccecttnee _ _ ae aapaoe Sts: | Greenbush, Mich................ | 
Dad dchdtudabiccvaueksssdeccaxnpuwsednessuccsleut Po biG eat cbknd cceaninghantees | Emerson, Mich.................. | Dry; Seveeatbe e crane clamshell. 
SE Se eee enema! So: ah eR | Stinson, Rll eae Do. 
GOMES GEBVEE OO... occ ccccccccccncccccccccecccces “Beiratt, SRR S| | Earlstead, Mich................. Wet; cablewa dragline. 
EI Go s:c5cnsiains sbncctvesicusncncel esactiieeeen cots iceGesoecnccn ct | Rivers near Rs cncanwaadecs | Wet: cla lamshelt dr dredges (3). 
=< cae SESS awicw anncnescactncesacsenn “Grand Rapids, Mich............: | Granville Road, Grand Rapids. .| 





| Wyoming, Mich 





| Dry; steam shovel. 
Do. 
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TABLE 1.—Permanent-type commercial sand and gravel plants—Continued. 











MICHIGAN—Continued. 

Name of producer. Office address. Location of plant. Method of excavation. 
Grand River Washed Sand & Gravel Co........... pee ee eee Dry; dragline excavator. 
CN ihe Bee nt wae eck cnncceweuakacinsed eer Millers Road, Lansing........<.. Dry; locomotive crane clamshell. 
pe 8, ee Bay City, Les sag Pe citrate aisierclae Douglas Pit, ane ia Do. 
PIGREINOED ENG COs LEAD.) oncc ccc ccccescsccccnccccs Grand = BRO i arencign odes Grand Rapids, | __ RRRRERE | Dry; steam shovel. 
Deke O ay. soc oecensaccinedecuckoone Leming, 7 Sl ees RT a au Do. 
IIE Ob ooo sede nccesoncaessecnenseccan Hershey, Mich ninva ca wialetce chine ave River near Hershey.............| Do. 
pp Ee, eee eee | Benton Harbor, ME eniessacs Benton Harbor, Mich........... iw et; pump. 
Cok Sea eee ree ey 3 oe | Wet; cableway dragline. 
Kalamazoo-Greenville Gravel Co..................- | Greenville, OD ain screninaoictkisins Kalamazoo, Mich..............-. Dry; steam shovel. 
We sic cdtdckvwnsdnccucwsaeaaneas Ca en ene | Wet; cableway dragline. 
I Go once sek cgcesccwecaaccceecace Ce ae PU a ae | Dry; steam shovel. 
Milcmaeem Bentereets CO. 8... coc ccccccecececccee | Muskegon, ee Grand Haven, Mich............. | Dry: locomotive crane clamshell. 
Michigan Sand & Gravel Co.....................--- | DOANE, BIR. ececcscnsescsess Eo. = ae Dry; derrick clamshell. 
I pian gc nnvks couscnnenusecwesasic Ro Otisville, Se oo ans ee caal Wet; cableway dragline. 
Ohio Michigan Sand & Gravel Co.................. | ENE SOME, «oc ccccccuncdeseewn eee Dry; steam shovel. 
iL eee os ee =e? Dry; Sa scraper. 
Ps 208 rived anh dncurusennneaeesees — Ree eee oS eee Dry; cableway dragline. 
Puen Gari de GIAvel' CO... .....ccscccesiccceceens oats twit iadaainuink sak cla Saewak Tecumseh, eas Dry; steam shovel and cableway dragline. 
Rochester Sand & Brick Co. ..............ccceccece a eee Rochester, | Sees Dry; derrick clamshell. 
ERD INI GI oh onc wo vac cccccncdocncguieeed eS” Sere New Hudson, Mich............. Dry; cableway dragline. 
Ee ick cinnancacuiwawenwnlewaeecey ses fk SS ere oe Mason, Mich 


Superior Sand & Gravel Co 


River near Detroit 


| Dry; steam shovels (2). 


SEs én: one scivnic'sie'nsic ales)’ SUN EEEINIEDs ew.50'n<eccweee | Wet; pum p- 
TOGUENSCH GROVER CO... ooo cc cc ccc ccensccvsessesce| POCUEEBOM, MEBOMRs o55cccccsceesens | PUNE, SER oscc cs ccwcgsccs | = a dry; cableway dragline and steam 
shove 

Tusa Bend & Gravel Co..........-c0cervocrsesse | Cass City, Mich... ............0se0- nme Oly. MAGN 3. i. sece sce ces | Dry; cableway dragline. 

— WOO BUT CO. 6 on cov cienccvccceccscccs | a EES: | Sees Dry and wet; cableway dragline. 
Pave Ram witee sets mained a66sicalbeitaeimnweaamamanie ee Sees: | ar 
Rceateaheeheevanreducceseseseeqecchiceswawesee ee ee ee Hudson, Mich.............| Wet; cableway dragline. 

Vv FP City Sand & Gravel Co...................... | Gina Rapids, Mich............ Kelly Siding, tian | Dry; dragline excavator. 

I ooo Soriccnpcswcecasreccseceedos Grand Ha” | Se River near Grand Haven.......- | Wet; dragline excavator. 


— Mich 


eee Mich 








; cableway dragline. 
;; pump. 
y; horse scraper. 






























POO, MONOD i5 ci oe dcdiccccescs | Dry; steam shovel. 
| 
WISCONSIN. 
Wet Bama & Gravel Cia aise ocincccncccescscteccus POUCH TTB sc viciccccwsysesec Le! ee ee Dry; mechanical digger. 
Big Bend Sand & Gravel Co....................... (A eee Co ee Dry; cableway dragline. 
SURO goo a rsinenc cictabaice chesemsenaeaie Green Bay, 1 SES eee Casco Junction, Wis............. Dry; dragline scraper. 
Cast Stone Construction Co........................- Eau Claire, a, EE Shawtown, aaa aa Dry; dragline excavator. 
Cook & Brown Lime Co....................2-eeeeee NG WF I aS vcdescreo sensees Lake Beaumont, Wis............ Dry; a shovel. 
ig INI, OI oo go cu hve dieesbbnn bvacaicen ug 2 | ree wi. A ee 
Elkhart Lake Sand & Gravel Co................... Elkhart Lake, Wis.............. Elkhart Lake (3 plants)......... Dry; Seagiine scraper. 
Eau Claire Sand & Gravel Co...................... io Sr Shawtown, Wis......... ....| Dry; derrick clamshell. 
Federal Sand & Gravel Co. ..................ccccee re eae ates -| Beloit, | Saheebee .| Dry; steam shovel. 
_ SSE ee ee as ki eee : Janesville, Wis. ee Do. 
Grand Rapids Sand & Gravel Co..................- Grand Rapids, Wis. . Bosserton, Wis. .| Dry; horse scraper. 
Hayworth Sand & Gravel Co......................- eat Che Wis.. < | NEN ois as ducwiecusecepes Dry; mechanical digger. 
J. Gre Sees eam GF GPBVEl CO. ....0.. on cicaccscceccelecepeOMssceceseess s Milwaukee, en Do. 
Janesville Sand & Gravel Co... ieteonlin _ [Eee eee Janesville, Wis. (3 oo eee oe Do. 
Sat Tomahawk, Wis................. vy Dry: steam shovel. 
I ON ooo on censesccloccucenccacs Plymouth, Rea aaa GUBTIIOTIIE, WIR svc ccececiscccs ~ 
REE ONTO o ooo occa ca ten scene cecwcecnsec Chicago, ee nae as Barton, ee eats 
Racine County Sand & Gravel Works.............. ST ee Burlington, MS ecicadcueekwskious Dry; " dragline scraper. 
Rasmussen-Ebbe Sand & Gravel Co..............-- Lo eae we 4 Wet; cableway dragline. 
Reed Sand & Gravel Co.................ccccccocees Burlington, Wis................. Burlington, Wis.........0<ceeccs Dry; cableway dragline. 
Stevens Point Sand & Gravel Co................-.. Stevens Point, Wis.............. Rocky Run, Wis....... ante ered Wet: cableway dragline. 
Waukesha Lime & StoneCo........................ Waukesha, Wiese ed Ww aukeshe, ere Dry; steam shovel. 
a Washed Sand & Gravel Co..............|....- «EES Nene eee Si) ee ee Wet and dry; cableway dragline and steam shovel. 
EIS BOE EE Sn anaes See RR eit kine a eae Fe Na Wis..................| Dry: cableway dragline. 
wanes CN Or UNOE ON. <n sesecscnicececeesesce ORB xeox waa ben cucscosce Amherst Junction, | see Do. 
Wausau Sand & Gravel Co....................--00- a eee | Do. 
Re ee ee ee rr: Superior, MMe ccacenctemacee Superior, Wis... ... Nacesien ean ws Wet; pump. 
Wilcox Sand & Gravel Co. .............. 22. ceo ceee |) Ee EN oo ok ogre marvin Do. 
ee naaecunctnc bina cannes Goncuccdwticcoucocesteatian | Ee eo: Fontana, Wi _ ECS. Saar Dry: steam shovel. 
Wisconsin Sand & Gravel Co.....................0- Milwaukee, Wis................. WHORE DGG, WIS... 225s cccccce DO. 
Wissota Sand & Gravel Co......0............-2000- | eres fy. RC eee Dry; dragline excavator. 
MINNESOTA. 
ON 0 Se ered rae SU NN 535556 sicocniceveces Wet; pump. 
eS eee ee Rochester, Minn................ | Near Rochester, Minn........... Dry; derrick clamshell. 
EN i. nccc nadia vac cdadeckeccasewat ob Winona, Minn ct enemiseucwuneans Near Winona, eae Wet; dragline excavators (2). 
Biwabik Sand & Gravel Co.....................0-- Sh eee Biwabik, Ming... ..........cceee Dry; steam shovel. 
bt, AEC ce arenes Ok er ~eaa PN sas sicko s scan ner “phe eee Do. 
| 2. Seema SERS REE RSS! st: 2 Oe ee Dry; dragline excavator. 
Fole Ng § MI ict sic lutwes soaks vucdessoneeaeeanean St. Paui, PN ok ccs ceecniacds | New laine _ REESE Dry; cableway dragline. 
co ee arenes Minneapolis, ee ee | Golden Valley, ee Dry; dragline scraper. 
pe oe eer Kasota, es es ee Dry; cableway dragline. 
Landers-Morrison-Christenson Co.................-- hae __. eee | Near Minneapolis, i Do. 
LES ree ee ean ko hee toe i "3a Dry; horse scrapers. 
Marshall Concrete Tile Co.................-.-.-2-0- Marshall, Minn See aes Russell, Io decanec sacs Dry; steam shovel. 
ee OI og eis ememscdcasvsneeeccens Minneapolis, ING ei wincucecweea Minneapolis, ee Dry; — scraper. 
Medford Washed a et, a nes pS are “ee Dry; cablew ay dragline. 
PE NI vince cocswskessscccevecocc Springfield, Ee Courtland, = eae | Dry; plant plann 
Mrnmessts Fie & Tie CoO... .. .... scccpencccccceses — a i= Appleton, Pe dinaknoveices Wet; —_—- 
Meee ne dacd eb saeadicaisacslivs 0seee aces d easret nce eae ct on cnL eaueceaweae Bo aa 
National Concrete Materials Co....................- rent ME iccatie wkinniakanans a eee De 
8. J. Peterson Sand & Gravel Co................... Lan Tie ERE Minneapolis, Minn.............. Dry; mechanical digger. 
Randolph Sand & Gravel Co.....................-- eee Randolph, Minn................ wa a pump, cableway dragline, and 
steam shove 
Webver Geared Be Gravel CO. « 2... ccscicccccsccccsccscs Co ee re Wet; pump. 
- — i a SR ae ae ame Sere eee 3. 4 Se Dry; steam shovel. 
The A. M. Smith Sand & Gravel Co................ Minneapolis, Minn.............. | Golden Valley, ae Do. 
"a le aeaetiatdade aetna pts BG; Pate, MOM... 6. .c0cesacss Res DU ES vane canvevncncaue Dry; mechanical digger. 
CE I nnn buenndcccacedcgecouscipanin En Fr Ne oe en ac as Dry; steam shovel. 
Winona Sand & Gravel Co...........0..2---.-eeee- WOE Ess cseccccvesseness | | Winona, eee Wet; cableway dragline. 
Zenith Concrete Gravel Co...............-.2.ececee CRETE, MEER. 5 sviecccccccescee | Carlton, Da scacpueenseeusese Dry; steam shovel. 
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TABLE 1.—Permanent-type commercial sand and gravel plants—Continued. 











































IOWA. 
Name of producer. Office eddress. Location of plant, Method of excavation. 

Automatic Gravel Products Co....................- Muscatine, Iowa.............-..- Muscatine, Iowa................ Wet; cableway dragline. 
Bartiot’s & MeWariand.... .oi.cccevsccedecccccwcceses Wi ee River near Waterloo............ 0. 
Frank Beutin Sand & Gravel Co.................-- DGS, BONG 0 boc ccdecescccs Dunmaue, lOwA..............<06 Wet; pump. 
Big Sioux Sand & Gravel Co..............-.-.----- Po Sa eee i See ees Dry; cableway dragline. 
John Brooks Sand & Gravel Co...................- [iw SO ee Shellrock, Iowa. ................ Dry; horse scraper. 
Builders Sand & Gravel Co.................-.----- Davenport, Iowa........:.......- River near Davenport........... Wet; pump. 
Burlington Sand & Gravel Co..................-..- PROSOREID, TOWER. «coc cccccssess River near Muscatine........... Do. 
"Eee | Des Moines, Iowa .---| River near Des Moines Do. 
Cedar River Sand & Material Co Waterloo, Iowa...... .-| 7 miles east of Waterloo, Iowa... Do. 
City Sand & Gravel Co..................-.-. --| Iowa City, Iowa........ .---| River near Iowa City............ Do. 
Clermont Brick & Sand Co............-.-..-.- ++) CREEMMONG, IONE. ose cc ccccvcovses eee Dry; steam shovel. 
Clinton Sand & Gravel Co.............-.-.---22+-5- Clinton, ERS pata cee Clinton, lows............-...--. Wet: pump. 
Ry SET IDOI, i vecincdloncddeescocnvonccesects Des Moines, Iowa............... River near Des Moines.......... Do. 
i EM nina xe cinsdesceschencsceentsaliinale’ a ee poner ls emiacie wowace dels aad SR ef ERE Do. 
Des Moines Building Material Co..................-|..... Ms saueveiededaaseccestspeseieuaes Mvwiiiun kana tecvecnate reese Do. 
Des Moines Sand & Fuel Co...................----e).---¢ | Ee eee ee SS . ee eee Do. - 
Eddyville Sand & Gravel Co....................--- Eddyville, lowa. ............... Near Eddyville, Iowa........... Dry; drag-line excavator. 
Flint Crushed Gravel Co.................--.-----+- pS eee i. eee Do. 
Be SIN sinwiec éncececcccteccsnceccavessanee Cherokee, Lowa. ................ 3 miles north of Cherokee, Iowa... Dry; locomotive crane clamshell. 
IE SEINE, sca cenccdncdacdcusncescsesese Graettinger, lowa............... Graettinger, Iowa............... Dry; cableway drag line. 
IO Uo rnac sc wect ect eccvcscctcccccescss Muscatine, Iowa. ..............- Muscatine, Iowa. ..............- Wet; pump. 
Harvey Sand & Gravel Co. .............---...-.+-- Oe ang SO eee ee River near Harvey, Iowa. ...... Wet; cableway drag line. 
Hayden Sand & Gravel Co..............:....22.--- Rock Valley, Iowa..’......:..... Rock Valley, Iowa......:....... Dry; steam shovel. 
Wiles OE & GIA OO, noose ccc ccccccesccnccces EE Raa ce widcdnwcwdoancun ee Wet; cableway drag line and pump. 
I pac tkietetie vi dieenvensscces cnx ee euecel Iowa City, Iowa.............-..- 5 miles south of Iowa City, lowa.| Wet; pump. 
Humboldt Gravel & Tile Co. ...........-.-..--..-- Mumbai, 1OWG. .........5.2566 3 miles south of Humboldt, lowa.. Dry; locomotive crane clamshell. 
Ideal Sand & Gravel Co..............---22-------e- Mason City, Iowa............... Near Mason City, Iowa.......... Dry; drag-line excavators (2). 
Independent Sand & Gravel Co Des Moines, Iowa.........../ ‘...| River near Des Moines.... -| Wet; pump. 
Interstate MaterialCo............ Davenport, Iowa...............- Davenport, Iowa................ Do. 
Iowa Sand & Gravel Co......... ae River near Oskaloosa. .......... Do. 
Johnston Bros. Clay Works..............--..-.---- Fort Dodge, Iowa............... Clay Works, Iowa............... Dry; steam shovel. 
Kelly Sand & Fuel Co. ..................... Scksons Burlington, lowa. .............-. River near Burlington. ......... Wet; pump. 
J.J. Kemp Sand & Gravel Co............ secuuneey Cs BOs <a rindcetindatvand PODER, BIWG «6.6650. cawiosesvewss 0. 
nn la cunbuvucvedeestonsGensn ean po River near Keokuk, Iowa..:.... Do. 
Kings Crown Plaster Co..............-2.seeeceeeees Cedar Rapids, Iowa............- River near Cedar Rapids........ Do. 
Lake View Sand & GravelCo.....................- Lake View, Iowa...............- Lake View, Iowa................ Do. 

A ee ere roe: el DRG 5 wha cute soceesceppintpertlecnen EEE ae | Wet; pump and cableway dragline. 
per ity J SS ere Oe, CVU, LOWE... ccc ccccccccce Dry; steam shovel. 
Larimer & Shaffer Sand Co. ..................-...- Cedar Rapids, Iowa............. Cedar Rapids, Iowa............. Wet; pump. 
POO ivanvccdcctcsccdscecpecvacsequces eee BIO PEOEE, LOWE, osc cicvccscocecce 0. 

cna ad pnanudiaedeneeawree capi es kxaeswewkiee ian ae Bicester caatbotdsnaceein ced CHOTONGG, TOW. . ....<.ccccccece Dry; cableway drag life. 

canes Kab seheechonehevacheccsuaguanSvasien Ubacsd Ms. 5 sidg checinvccctnezesss orl TEWOROED, LOWS... 02s ccceccece Wet; pump. 

Nate el ee aaa kt beta ninhntng Nacewetatatinn aad WS Susacdotdvaevndenenewude See Do. 
McHose Sand & Tile Co..................-02-200-0- TS, er De aa Wet; pumps (2). 
le aa pidipk caautesedskbeaseeoswal OS eee Doon, tows wewhanaamaaes ..-| Dry; horse scrapers. 
Mole Sand & Gravel Co. ..................-----06-- Dubuque, Iowa................- Dubuque, Lowa......... ---| Wet; pump. 
Muscatine Sand & Gravel Co................... --| Muscatine, Iowa. ....... --| River near Muscatine........... Do. 
NationalConcrete Materials Co -| Sioux City, lowa...... Sh ee Wet; cableway dragline. 
Penpee Bate GS GIBVONOO. ... oc ccccccccsccceccecccees Charles City, Iowa PHMOO VEO, LOWS. 6. cccccccccevte Wet; pump. 
errr er ene Muscatine, lowa. .............0- Muscatine, lowa. .............0- 0. 
Ee rune mndnghadcacenaqnsswuee Hawarden, lowa................ Co OSE eee Wet; drag-line excavator. 
Se 8 nee Des Moines, Iowa..............- Valley Junction, Iowa........... Wet; pump. 
I wnicennconevtrccccacedesecseesuel Ottumwa, ial aR 1 mile west of Ottumwa, Iowa... Do. 
NONE PNNUU DOs nnn cncccecccvccescocvsssesoses Muscatine, Towa. ..............- | 3miles south of Muscatine. . ....| Do. 
Portland Sand & Gravel Co........................ DGS MORES, TOWER. 00. cccacecess | Valley Junction, [owa........... Do. 

RARE RaenpuisRenke bet udeedsetseneeslncaed ___ ESE ern eso? Booneville, Iowa................ Do. 
Reliance Sand & Gravel Co. ..................-....|....- NG ie atwnkhnavag nas esees 34 miles Des Moines, Iowa....... Dry; derrick clamshell. 
Remsen Sand & Gravel Co......................--- I BOWE cS vscsieczeonsans | CO ee eee Wet; pump. 

I cdcitin th eteakayhnedss00gccseesessecciacedboubnd _ SEC RE pa ae ee Correctionville, lowa............ | Dry; locomotive crane clamshell. 
Sabula Sand & Gravel Co..................-......- PRIS SB Caccseysacsnccecees Sabula, Iowa....................| Wet; pump. 
Saction Sand & Gravel Co.......................... PL A eae ee | Dry; cableway drag line. 
Schneider Sand & Gravel Co. ...................... oS eS ee EEE Wet; pump. 
Fe Dey NE Ge cnccenccsncasccacescecsescedve Cedar Falls, SREP CTS Cedar Falls, Iowa..............: Wet; cableway drag line. 
Spencer Washed Sand & Gravel Co. ............... aaa ee Wet; pump. 
Standard Sand & Gravel Co........... Oskaloosa, Iowa arvey, lowa........... : Do. 
Wapelle Sand & Building Material C | Ottumwa, Iowa River near Ottumwa A Do. 
Waterloo Dredging Co. . .......................-.-- Waterloo, Iowa. ................ River near Waterloo Wet; cableway drag line. 
Woodbury County Gravel Works. ................. Correctionville, lowa............ Correctionville, lowa Plant not completed. 
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TABLE 2.—Permanent-type commercial sand and gravel plants in twenty-two north central and north eastern 















































































































1 Locally used pits only. 
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States. 
| | / a eres ie ia 
Claims of car shortage effect on pro- 
| } duction at various plants. 
Number of plants. | any | , 
1919, ton- | 1920, esti- | Troreased, | Decreased, | 1920; tons 
State. es pacity, . mated ton- shoe ~ ?| used on 1919 1920 
ens | nage. nage. | tons. tons. roads. 
| | Pea. hee 
| lwret 1 1 | Number | Per cent | Number Per cent 
| Total. iw et. Dry. a, affected. | reduced. | affected. reduced. 
| inca oateal | CO Aen oe IES | REE ei 
WR sting aieinntine eaten | <3] 900} 57,000 77,000 20,000 |......X.-.- 9, 200 | eee 1 | 50 
New Hampshire............. 1 210 | 30, 000 35, 000 | ee 5, 250 DW iviscscsnd a 15 
(2 ee eee Bos nesastveicpocinnsacal uses venues teeseaenetete cuner Sarees >xceun etree: Le snd wc dhotahy pe RNR aeED Al Ls aaks uneLese owns eel Eu eeeneeel eee 
Massachusetts ............... 12 | 9,885 | 674,000 968, 000 294, 000 |--2eeeeeeeee 147,600 DP lenassoncee 3 | 20 to 70 
Rhode Island 2. ......-.-.-.- | Oils ctl oassealeawnceloccesensee | nite Suaesaed]- sheers vaesel ows ve tocses be nwncsa Svan) shelem@mbedelevcscduteelbiassegeet jasisceses- | siivounepit 
COMMER ss. 65.63 430 nceseee } 10 2,750 | _ 326,000 360, 500 | 69, 850 9 ee 1 | 90 
ee ee 28,615 | 2,867,600 | 3,469,700 1 res 846, 850 5 | 25 to 60 | 9 | 15 to 75 
New Jersey..........sccceee | 35 26,425 | 1,967,000 | 2;352,000| 395,000 |............ 956, 850 15 | 5 to 75 15 | 5 to 7 
Pennsyivanias..........<.<.- 50 50,200 | 4,936,000 | 5,633,200 1 eae 1, 229,650 | 19 | 10 to 50 26 | 10 to 75 
pn ee ere 2 700 | 60, 000 A Wekcc cans ~s 16,000 26,000 | 2 | 25 to 50 2 | 50 
Maryland and District of | 
ee a ae 10 12,250 | 1,907,000 | 1,802,170 |............ | 104, 830 470, 100 7 | 10 to 33 7| 10 to 40 
i. a aes 14 17,650 | 1,101,000 | 1,046,900 |............ 54, 100 356, 000 | 7 | 15 to 80 11 | 25 to 60 
West Virginia........<0.<.5-- 18 10, 000 465, 400 526, 400 ot 216, 500 13 | 10 to 90 , 16 | 10 to 90 
OUR. cc cap townepnanedsceta 78 4,287,150 | 5,369,500 | 1,082,350 |...........- 1 818, 125 | 36 | 5 to 80| 40 | 10 to 90 
Kentucky ..:.....-032..0005- 12 877,750 | 1,089,750 a eee eae "180, 800 6 | 25 to 50 | 5 | 20 to 60 
TNS Senseo cnc sc seca 63 4,380,400-} 4,225,500 |............ | 154,900 | 1,687,800 29 | 10 to 95 | 33 | 15 to 95 
PR orawocck We getheestes 51 5, 467,800 | 5,425,000 |............ 42,800 | 2,944,000 35 | 6 to 85 | 38 | 20 to 90 
i eee ere oe 51 4,320,085 | 4,847,000 TE Nccnccestenns 1,403, 565 | 32 | 10 to 75 | 39 | 10 to 90 
Vl errr 35 1,979,942 | 3,211,000 | 1,231,058 |............ 883,700 | 17 | 10 to 60 | 18 | 25 to 90 
ee See 32 838,964 | 1,676,000 J 4 ees 497, 700 8 | 30 to 70 1l | 40 to 90 
South Dakota.........:....- 3 3 MEME ences dels es bk eebanan 25,000 | 0 | pox twas "14 AEE 
WOW osd0 oe bnsser eas nses sees 71 2,055,873 | 2,661,000 2 | 642, 000 | 38 | 10 to 80 | 49 | 20 to 85 
567 38,598,964 | 44,897,620 | 6,593,286 | 372,630 | 14,416,540 | 269 | to 9 | 325} 5 to95 
| | 
1 Wet and Dry, as used here, apply only to excavation and not to screening method. 
2 Local pits only. 
8 Started 1920. 
In the statistics above, small, locally used sand and gravel pits are not included. These, however, are abundant, especially in the northern States. 
TABLE 3.—Showing number of plants using various sand and gravel excavation methods. 
— eos ee ee a ° ° e mip ts x. ~ | 
Dry excavation. Dry or wet excavation. Wet excavation. | 
r ——— Sa cae ee a — 
| js ofa 
it Pai | Clamshell Drag line. | Dredges No | Total meth- 
| x ee ] -_— | Ss 
Steam | chan- | Horse mnie | ois, | | report. | plants. at all 
shovel. | ical _ |scraper. "| Der- 0co- | Cable- | Exca- |g Clam- | plants. 
| digger. | rick, | motive way. | -vator: Scraper. Ladder.| Dipper. shell. 
a crane +} _| 
MMM ba en Steccwecanchnesteud EET LS ane See RRP ORR ake SERS HE: I. bP ageled Fe: Se ee 2 | 2 
New Hampshire. ............5.... Ti gaosoesincsssanslossuenst|scseckt ei edestan ES ere Hes dowd Rudi ucolbe vaiesek ore ES Sh ‘| 1 
WOR coe cc a Aimscvecesscntccses tes | ngratersteneh] BSS Manda ororsss sab BHR beN beh oaclett ettoalesicesteye MaspebSvelsct luca klaatieckleresvesn (RES ARRAS See Rs | Phicrciapaass 
Massachusetts...............000-- Sl scoured yeas vessberocece's 1 3 eee Bdessivhess D Vetescee | SS Se eae 12 12 
Rhode Island *. . - 2... ose sce lec seee ashore cce]sszessasbraccccetlsestbecelesscqecclootentesleversccultccheteerfocncssts cocceces aaaseawal tibes eee] sceuente|essSeepelbes seer 
Connestiont 4... ...1.....<.28.06- L. | nrowwess|sascasssbsersees 1 BA actouy Ee | See Sane iS eae 7 | 7 
Se ae besgnwee 8 SRS Sere 3 | 2 i eee > eee 4 yy ee eee s 20 21 
NOW JGtBGF.. 65 ow <5 oe) nec eos teee 11 se es See 3 1 ere eee 5 Ft OL eee ae 24 2 
Pennsylvania :..........0:5..0-.- 1 pea eae iS Eee 1 Bila caseceolevesate. 10 10 | jee ee 41 42 
Delaware : 1 1 
— and District of Colum- 2 | 7 
WE Li ae 13 | 13 
b- = Virginia 20 21 
Oh taalede Wadahwnwcieee 69 71 
Keutaaicy. 13 | 13 
BHM sn 6x osecn ccs sncecttsecSesce 65 | 67 
er ere me 55 | 55 
Michigan 57 | 59 
Wisconsin 31 32 
Minnesota 27 | 28 
South Dakota 3 | 3 
Ns core ae ch, Cnencedend 68 | 70 
Total $36 | 549 
' 








FEDERAL AID ALLOWANCES. 





California. 
Colorado. . 


Kansas... 
Kentucky 


Missouri. . 





nnn STATEMENTS APPROVED IN MARCH, 1921. 


Project 
No. 











Sacramento 


Muhlenburg 
Hopkins 


Itasea 


Big Stone 
St. Louis 


Barnes 


Williems Se 
Florence and Marion..............-..- 
Richland and Sumter................- 


Greenville 





EE avicduunugaceeatavodceeseseesl 
| Montrose 


Gonerete brick or asphaltic 
ins ace sinetsaveasrcateghe 


— 


a... 


— Deri st ccckabicesaneneceousrcon | 





Shale s a gravel a 
EE a ax cewvenstnsatesdasensmneend ee a 














Concrete, he ea Feb. 25) 221, 












| Project Total 
lstatement Ape 
fpproved. estimate. 
Mar. 17| $12,295.25 
Mar. 25 14115. 54 
233, 789. 49 
16, 114. 15 
30, 380. 
50, 490. 35 
80, 176. 99 
49,995. 00 | 
112, 530. 00 | 
29, 365. 60 
33, 044. 00 
20, 403. 24 
46, 093. 98 
39,995. 89 
30, 988. 38 
100, 000. 01 
60, 698. 00 
39, 667. 47 
28, 694. 60 
3 69,991. 90 
550, 206. 25 
489, 225. 00 
| 406, 456. 32 
. 25 | 22,332.20 
. 17 | 1182, 546. 53 
. 28 | 330,580. 55 
Feb. 14 | 346,568. 64 | 
. 25 | 33,803.00 | 
. 23) 23,067.00 
. 25 | 120,204. 48 
. 29| 100,199. 22 
121, 952. 82 
15,178. 24 
192, 612. 64 
633. 50 
52, 833. 04 
60, 225. 00 
39, 600. 00. | 
| 217,930.00 | 
Roos Feb. 25 | 70,000.00 
| 3 183, 717. 60 | 
-do....| 3 285,000.00 | 
. 11| 848,309.00 
. 3 | 349, 670. 20 
. 25} 149,881.05 
: 2 | 9, 457.80 
. 23} 97,834.00 
: 19 | 59,200. 68 
. 2) 41,197.75 
. 6 | 375,774.60 
. 8| 50,759.94 
- 2 | 428,409.76 
. 11 | 877,264.41 
. 23 | 963, 228.20 
. 12 | 3291, 280. 25 
. 22| 39,297.50 
. 7| 40,418.40 
. 21| 16,329.17 
. 14| 120,509.94 
. 23| 38,822.68 
. 29| 19,125.70 
. 8] 30,000.00 
..do....| 39,259.17 
- 11| 49,500.00 
. 8| 64,650.22 
. 23 | 58,874.82 
Mar. 8| 71,315.41 
..do....| 31,468.88 
..do....| 102)551.79 
d | 14,997.40 
146, 159. 74 
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14, 347. 30 
328) 750. 00 
275, 103. 12 
244,612. 50 
173, 000. 00 

11, 166. 10 
191, 273. 26 
315,290. 27 


8 168, 600. 00 


16, 000. 00 
7, 000. 00 
38,000. 00 
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1 Revised statement. Amounts given are increases over those in the original statement. 


2 Revised statement. Amounts given are decreases over those in the original statement. 
3 Withdrawn. 








